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Abstract 
Background. Caesarean sections are critical interventions in obstetric care. The 
unmet need for caesareans is an important indicator for monitoring emergency 
obstetric care coverage: several methods have been proposed, however there is no 
consensus on how to measure the unmet need for caesareans in sub-Saharan Africa 
and South Asia.  
Methods. First, trends in the caesarean rate by wealth were analysed in 26 countries 
in sub-Saharan Africa and South Asia using Demographic and Health Surveys, in order 
to identify groups with rates below 1% and 2%. Second, a global online survey was 
conducted on obstetricians’ opinions of the optimal caesarean rate. Third, linked 
hospital and population-based data were used to validate the Unmet Obstetric Need 
(UON) indicator in central Ghana, which measures the unmet need for surgery for 
absolute maternal indications (AMIs), and to investigate novel approaches using 
hospital data.  
Results. The caesarean rate was extremely low among poor women in most sub-
Saharan African and South Asian countries. The median optimal caesarean rate 
reported by obstetricians worldwide was 20%, and there was a large variation in 
responses (IQR: 15-30%). The 1.4% threshold for the UON indicator was found not to 
be valid in Ghana. For most complications – including AMIs, among which caesarean 
rates were close to 100% – women were equally likely to have their need for 
caesareans met regardless of their educational level. 
Conclusion. The optimal caesarean rate remains unknown, and thus cannot be used 
as a benchmark for measuring the unmet need. The UON indicator does not produce 
valid estimates of AMI-related mortality avertable with caesareans, however caesarean 
rates below 1% probably indicate a critical unmet need for life-saving surgery. 
Comparing caesarean rates in hospitals by education is useful for determining whether 
population-based differences in the caesarean rate are partly explained by differential 
access to care within facilities.  
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Chapter 1. Conceptualising the 
unmet need for caesarean sections  
 
This thesis aims to improve our understanding of the burden of poor maternal and 
perinatal outcomes by examining different methods for measuring the unmet need for 
caesarean sections in sub-Saharan Africa and South Asia. 
Caesarean sections are a critical, and sometimes life-saving, intervention in emergency 
obstetric care. However, access to caesareans is inequitable: in many low- and middle-
income countries, some women who need a caesarean do not receive one. The 
magnitude of this unmet need for caesareans is unknown. 
Measuring the unmet need for caesareans is key to understanding which women do 
not have access to this intervention, and ultimately to reducing the burden of maternal 
and perinatal deaths. However, there is no consensus on how to measure the unmet 
need for caesareans in sub-Saharan Africa and South Asia. This thesis contributes to 
addressing this knowledge gap by examining existing and novel approaches to 
assessing the unmet need for caesareans. 
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1.1. Introduction 
Caesarean sections are a surgical procedure in which the fetus is delivered through an 
incision in the mother’s abdomen and uterus. Caesareans are often performed in cases 
where vaginal delivery would threaten the mother’s or fetus’ health, though some are 
also performed without medical indication. Globally, an estimated 18.5 million 
caesarean deliveries occur each year, representing approximately 14% of all births [1]. 
National caesarean rates vary greatly between countries, from 1.4% in Niger in 2012 to 
52.3% in Brazil in 2010 [2, 3]. Caesarean rates have been rising since the 1990s in 
most middle-income countries [4], though the regional rate for Africa remained at 3.5% 
in the early 2000s [5]. National caesarean rates further mask wide differentials within 
countries, including by wealth and urban-rural residence [4, 6].  
Caesareans are a critical component of emergency obstetric care, and can be a life-
saving intervention during childbirth [7]. However, they entail risks as well as benefits, 
and therefore are not recommended for all deliveries [8]. The World Health 
Organisation (WHO) recommends that the population-based caesarean rate should be 
between 5-15% [7], but these thresholds are not based on empirical evidence. The 
difficulty in setting minimum and maximum benchmarks for caesarean rates has raised 
a debate over whether they should be used as an indicator of access to emergency 
obstetric care [9, 10], and if not, how to monitor coverage of this critical intervention. 
Several alternative approaches have been used in the literature in an attempt to 
measure the unmet need for caesareans, though the validity of these methods has 
often not been established.  
The main objective of this thesis is to examine existing approaches, and explore novel 
approaches, to measuring the unmet need for caesarean sections in sub-Saharan 
Africa and South Asia. Concerns about unnecessary caesareans have been much 
discussed in the literature in the context of rising caesarean rates worldwide [11-14], 
however the excessive use of caesareans is not the focus of this work. 
1.2. Defining the need for caesarean sections 
Measuring the unmet need for caesareans requires first defining what constitutes a 
need for caesareans, and second determining how many women with a need for 
caesarean receive one. The issue of how to conceptualise the need for caesareans is 
 15 
 
central to assessing the unmet need, and can be defined at two levels: for the 
population as a whole, and among subgroups of deliveries.  
The population-level need for caesareans can be defined as the percentage of all 
deliveries requiring a caesarean. The most common approach used to identify the 
population-level need relies on the concept of the optimal caesarean rate, which refers 
to the percentage of caesarean deliveries which minimises adverse maternal and 
perinatal outcomes at the population level [15]. This concept will be explained in detail 
below (section 1.3).  
In subgroups of women, the percentage of deliveries requiring a caesarean depends 
on the relative risks and benefits of caesareans in different groups of deliveries (such 
as breech presentations, or women with previous caesarean). Caesareans may be 
used to treat a wide range of obstetric complications, including antepartum 
haemorrhage, prolonged or obstructed labour, eclampsia and intrapartum fetal distress 
[7]. Postpartum complications cannot be treated by caesarean, and other interventions 
may be favoured in the event of fetal death in some settings (namely, destructive 
deliveries). Caesareans allow for the rapid delivery of a fetus without passage through 
the birth canal. They are hence useful to treat complications where the fetus needs to 
be delivered urgently (such as eclampsia or fetal distress); or where vaginal delivery is 
either impossible (for example, in cases of obstructed labour) or would lead to severe 
morbidity or mortality. Planned or elective caesareans (scheduled in advance) can be 
used to treat conditions identified before labour that may lead to complications during 
delivery, such as placenta praevia, while emergency caesareans (time-sensitive) are 
performed after the onset of complications requiring urgent treatment. As with any 
surgical operation, there are also risks associated with caesarean delivery for the 
mother, including wound infection, endometritis, and damage to the bladder or ureter 
[16-18], which must be weighed against potential benefits [8].  
The need for caesareans is seldom explicitly defined in the literature. In this thesis, I 
define a need for caesareans as deliveries where the expected health benefits of a 
caesarean to the woman and her baby outweigh the potential risks. This risk-benefit 
evaluation is likely to be context-dependent, since the safety of caesareans and of 
available alternative treatments varies across settings. In addition, maternal outcomes 
must be weighed against fetal/neonatal outcomes, as caesareans for fetal indications 
have implications for the mother and vice versa. Evidence relating to the risks and 
benefits of caesareans is required in order to operationalise this definition, and 
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identifying complications that represent a need for caesarean entails a qualitative 
judgment of what level of risk is acceptable for a certain expected benefit. An unmet 
need for caesareans, accordingly, is defined as occurring when a woman with a need 
for caesarean does not receive one. 
1.3. Measuring the unmet need for caesareans at the population level 
The main approach that has been used to quantify the unmet need for caesareans has 
rested on the concept of the optimal caesarean rate, or the caesarean rate which 
minimises poor outcomes for mothers and babies at the population level [15]. The 
optimal caesarean rate is an estimated measure of the population-based need for 
caesareans, usually represented as an optimal range with a minimum and maximum 
threshold. If the thresholds are valid, the population-based unmet need for caesareans 
can be calculated as the deficit between the observed rate and the lower estimate of 
the optimal rate, in a given population. The most commonly cited recommendation for 
optimal caesarean rates is the WHO guideline of 5-15%, which has been used as a 
basis for calculating the unmet need for caesareans and the number of excess 
caesareans [1, 19-22]. A number of ecological studies have attempted to validate these 
thresholds by analysing the relationship between population-based caesarean rates 
and measures of maternal and perinatal mortality (see below). 
Two other approaches have been used to measure the unmet need at the population 
level: the Unmet Obstetric Need indicator, which represents the deficit in life-saving 
surgery for a defined group of “absolute” maternal indications; and the identification of 
groups of women with less than 1% or 2% caesarean rates by stratifying the caesarean 
rate according to wealth or residence.   
1.3.1. Optimal caesarean rates 
The WHO guidelines for “acceptable” caesarean rates 
The first WHO guidelines for the optimal caesarean rate were published in 1985 in 
response to rising caesarean rates in high-income countries. This much-cited 
recommendation states “there is no justification for any region to have a higher rate 
than 10-15%,” on the basis that “countries with some of the lowest perinatal mortality 
rates in the world” had caesarean rates below 10% [23]. The outcomes that this 
caesarean rate sought to minimise are not stated explicitly, though the previous 
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statement implies that only perinatal – and not maternal – mortality was considered 
(perhaps because countries with rates above 10-15% generally had low maternal 
mortality at the time). No further details are given of the evidence base considered in 
adopting this guideline.  
In 1997, the revised Guidelines for Monitoring the Availability and Use of Obstetric 
Services were published, in which the first mention of a minimum “acceptable level” 
was made: “as a proportion of all births in the population, Caesarean sections account 
for no less than 5% nor more than 15%” [24]. Contrary to the previous guidelines, these 
state that the benchmarks aim to minimise maternal mortality (“if national or regional 
data show that less than 5 per cent of births are by Caesarean section, this means that 
some women with life-threatening complications are not receiving necessary care” 
[24]), though implicitly takes into account perinatal outcomes, stating that the lower 
threshold may be below 5% if maternal indications only are considered. 
The 5% lower limit was based on two cited studies, which do not provide evidence 
supporting this benchmark. In the first, Nordberg assumes caesareans are “justified” in 
5% of births based on two other studies using benchmarks of 3% and 10%, both of 
which appear to be arbitrary [25]. The second cited article was a report published by 
UNICEF detailing the availability of emergency obstetric care in three districts in India 
[26]: I could not locate its full text version, but a peer-reviewed article by the same 
author was later published presenting findings on indicators of the availability of 
emergency obstetric care in 10 districts in India [27]. Nirupam recognises the limited 
evidence supporting the 5% threshold and states “it is generally agreed that [the exact 
percentage of births likely to require a caesarean] is not less than 5%” [27]. The 15% 
upper limit was based on a comparison of caesarean rates in 14 high-income countries 
in the 1980s [28], which found higher caesarean rates in Brazil (32%) and the USA 
(19%) than in other countries. The 1997 guidelines summarise the selection of the 
lower and upper limits as follows: 
In setting acceptable levels for Caesarean sections, it seems appropriate to have both a 
minimum and maximum. Five percent of all births in the population is a relatively 
conservative lower limit. For the upper limit, 15 percent seems reasonable. It is slightly 
higher than the level in most developed countries, but less than the level in those 
countries known to have problems with excessive use of this procedure. [24] 
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The definition of “excessive use” of caesareans is not specified. The lower threshold of 
the optimal caesarean rate recommended by the WHO therefore appears to be based 
on weak evidence. 
The 5% threshold was upheld as the minimum “acceptable level” for population-based 
caesarean rates in the 2009 guidelines on Monitoring Emergency Obstetric Care [7]. 
The lack of evidence on which this optimal range is based is acknowledged in the 
guidelines:  
Earlier editions of this handbook set a minimum (5%) and a maximum (15%) 
acceptable level for caesarean section. Although WHO has recommended since 1985 
that the rate not exceed 10-15% […], there is no empirical evidence for an optimum 
percentage or range of percentages, despite a growing body of research that shows a 
negative effect of high rates […] The technical consultation for these guidelines noted 
the difficulty of establishing a lower or upper limit for the proportion of caesarean 
sections. [7] 
A notable difference from the 1997 guidelines is that the selection of the upper and 
lower limits refer to minimising morbidity as well as mortality (maternal and perinatal), 
mentioning that “a lower limit of 5% is reasonable for both maternal and fetal reasons” 
and that high rates carry risks for maternal and neonatal mortality and morbidity [7]. 
The WHO maintains its recommended range for caesarean rates despite the limited 
available evidence, stating:  
Both very low and very high rates of caesarean section can be dangerous, but the 
optimum rate is unknown. Pending further research, users of this handbook might 
want to continue to use a range of 5–15% or set their own standards. [7] 
 Validation of the minimum optimal caesarean rate 
Since the publication of the most recent WHO guidelines, a number of ecological 
studies have explored the variation in mortality of mothers or babies according to 
caesarean rates, in order to examine the validity of the 5-15% recommendation. 
Validating the minimum optimal caesarean rate would require identifying the lowest 
caesarean rate beyond which there are no further mortality declines for mothers and 
babies. Maternal and perinatal mortality are predicted to be most affected by the 
caesarean rate (less so infant mortality), since a larger proportion of these deaths are 
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intrapartum-related, and they are the most suited to validating the optimal caesarean 
rate. In order to identify this threshold in practice, the ideal scenario would be to 
observe a relationship whereby maternal mortality, for example, declines with the 
caesarean rate until a clear threshold after which it plateaus or increases again; this 
point would correspond to the minimum optimal caesarean rate for maternal mortality 
at the population level. Figure 1.1 illustrates this conceptual definition of the minimum 
optimal caesarean rate.  
 
Figure 1.1 Conceptual definition of minimum optimal caesarean rate for maternal 
mortality 
 
 
 
Several conceptual and methodological problems remain, however, with identifying the 
minimum optimal caesarean rate based on ecological analyses. First, the optimal 
caesarean rate may vary according to context. Populations with a higher prevalence of 
delivery complications (such as obstructed labour due to immature or small pelvis) may 
require a higher population-based caesarean rate [29], though the magnitude of these 
risk differences between populations is unknown. Countries with different caesarean 
rates are also likely to differ in other ways, and the association between caesarean 
rates and maternal or perinatal mortality may be partly confounded by other factors, 
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such as per capita income, education, and health system development. Moreover, 
access to and quality of intrapartum care is likely to modify the relationship between the 
caesarean rate and maternal mortality: for instance, better monitoring during labour can 
lead to interventions that avoid the need for a caesarean, while unsafe caesareans 
may contribute to higher maternal mortality. Historically, certain high-income countries 
have achieved low maternal mortality with low caesarean rates, such as the 
Netherlands in 1968, when maternal mortality was around 20 per 100,000 with just 
below 2% caesareans [30]. Yet caesarean rates around 2% are associated with much 
higher levels of maternal mortality in sub-Saharan Africa, where many facilities are not 
equipped to provide emergency obstetric care [31] and the quality of delivery care is 
thought to be poor [32, 33]. A higher caesarean rate may thus be necessary to achieve 
low maternal mortality in these settings. Controlling for variations in quality of care is 
difficult, but at a minimum ecological analyses should validate the minimum optimal 
caesarean rate separately for high- and low-income countries. 
Second, there are methodological issues regarding how to determine what the 
minimum optimal caesarean rate is. Ecological associations reveal a much less linear 
association between the caesarean rate and maternal mortality, with more variation in 
the data, than the conceptual relationship outlined in Figure 1.1 (see below). Curved 
regression models (such as exponential functions) indicating a gradual deceleration in 
mortality with rising caesarean rates, may prove to fit the data better than two linear 
segments. This lack of a clear threshold effect would hinder the identification of a 
minimum optimal caesarean rate.  
Notwithstanding these limitations of ecological studies in identifying the optimal 
caesarean rate, if the threshold for reported minimum optimal caesarean rates was 
similar across ecological studies for the same outcome, this would give us confidence 
in this estimate. In addition, even without consensus in the minimum optimal rate, 
reviewing the ecological evidence may nonetheless validate the fact that maternal or 
perinatal mortality is universally high at very low caesarean rates. 
I reviewed the ecological evidence relating to the association between caesarean rates 
and mortality in order to compare the reported minimum optimal caesarean rates 
across studies, and with different methodological approaches. I searched Medline for 
ecological studies of the association between population-based caesarean rates and 
maternal, perinatal, stillbirth and neonatal mortality rates published after 2000 
(including time-series of caesarean rates and mortality in a single country). I did not 
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include studies of the infant mortality rate, since this outcome is not expected to be 
substantially affected by the caesarean rate.  
Table 1.1 (on page 24) describes the nine studies identified. Seven cross-sectional 
studies were truly ecological in that they compared the caesarean rate and mortality 
rates between countries [5, 21, 29, 34-36], or between sites in West Africa [37]. One 
time series study analysed annual changes in caesarean rates and mortality in one 
country (Iceland) [38], and another compared caesarean and mortality rates over time 
and across different areas (where each country had multiple data points for different 
years) [39]. Eight of the nine studies looked at variations in maternal mortality, while 
three looked at neonatal or early neonatal mortality, one at stillbirths and one at 
perinatal mortality. Two studies stratified the analyses according to country income or 
development level [29, 35]. 
The evidence base has not identified a clear minimum optimal caesarean rate for 
maternal mortality, and studies report a range of different thresholds. Maternal mortality 
was negatively associated with caesarean rates throughout the range of caesarean 
rates in West Africa (0.2-2.7%) [37] and the Arab region (1.4-16.0%) [21], with no 
reported threshold. The two studies stratifying results according to country income or 
development found no association among high-income, middle-income, or developed 
countries, but reported that maternal mortality ceases to decline after 10% in 
developing countries and 15-20% in low-income countries [29, 35]. In a study of high-
income countries, the threshold was found to be 15% [39], while it ranged between 9% 
and 15% among studies not using any stratification [5, 34, 36]. These studies suggest 
that the minimum optimal caesarean rate for maternal mortality may be higher than the 
WHO 5% lower limit. 
Across studies, the relationship between caesarean rates and maternal mortality was 
modelled using inverse exponential functions or piecewise simple linear regression 
(where “natural” breakpoints in the trend are identified and the relationship is modelled 
as a linear function between these breakpoints). The reported thresholds identified 
based on visual inspection of curved regression lines tended to be higher (15% to 15-
20%) [5, 29, 36, 39] than those ascertained by piecewise regression (9% to 10%) [34, 
35]. Most authors did not report how they selected their models or the relative fit of 
piecewise linear regression compared with curved functions, and did not adjust for any 
potential national-level confounders (with two exceptions [29, 39]). Figure 1.2 presents 
maternal mortality and caesarean rates from a study of 112 high-, middle- and low-
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income countries [36]. Volpe modelled this relationship as an inverse exponential 
function, and states that the curve “lost inclination” beyond 10-15% caesareans. Yet 
when plotting the data, it appears that there is a wide range of maternal mortality ratios 
for a given national caesarean rate among countries with rates below 15%, and neither 
type of model (inverse exponential or piecewise linear regression) would succeed in 
explaining all this variation. No potential confounders were adjusted for, further 
questioning the validity of this estimate of the minimum optimal caesarean rate. As a 
result, ecological studies have not identified a clear threshold caesarean rate beyond 
which maternal mortality ceases to decline.  
Nonetheless, maternal mortality appears to be universally high (above 300 per 100,000 
births) with caesarean rates below 1%; a few countries achieved mortality below 200 
per 100,000 below 2% caesareans, though most still experienced high maternal 
mortality. Moreover, regardless of the model, predicted mortality ratios tended to be 
above 600 per 100,000 around 1% caesareans and at least 500 per 100,000 at 2% 
caesareans.  
Figure 1.2 Maternal mortality ratio as a function of caesarean rates, by country for 112 
countries (2000-2009) - Reproduced from Volpe, 2011 [36] 
 
Fewer studies looked at perinatal or neonatal mortality. In Iceland, the perinatal 
mortality rate did not change with an increase in the national caesarean rate from 12% 
to 17% between 1987 and 2006 [38] (though this timeframe is quite short, an 
observable change in perinatal mortality would still be expected in 20 years since 
changes in the caesarean rate would affect perinatal mortality relatively rapidly in a 
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context of high quality of care). One study found no association between early neonatal 
mortality and the caesarean rate in middle- or high-income countries, but found that 
early neonatal mortality declines up to 15-20% caesareans in low-income countries 
[29]. Similarly, the stillbirth rate was found to decrease up to 13% caesareans in 
developing countries, with no association in developed countries [35]. Decreases in 
neonatal mortality were observed up to 15% caesarean rate before plateauing above 
15% across countries worldwide [34], while it declined up to 10% in high-income 
countries [39]. As with maternal mortality, only two studies adjusted for confounders 
[29, 39], though most models predict high neonatal mortality and stillbirth rates (over 30 
per 1,000 births) below 1% and 2% caesareans. 
Among studies including mortality for both mothers and babies, there was no 
consistent trend as to which minimum optimal caesarean rate was higher. One study 
reported the same threshold for both maternal and early neonatal mortality in low-
income countries (15-20% caesareans) [29]. In two global cross-country studies, the 
threshold was higher for stillbirths (13%) and neonatal mortality (15%) than for 
maternal mortality (10% and 9%, respectively) [34, 35], though it was lower for 
neonatal than maternal mortality in high-income countries (10%, compared with 15% 
for maternal mortality) [39]. 
Ecological studies report a range of different thresholds determined by questionable 
methods and most do not adjust for any potential confounders: therefore, the ecological 
evidence base does not identify a clear minimum caesarean rate necessary to achieve 
low maternal and neonatal mortality, and as a result, does not validate the optimal 
caesarean rate. However, it does highlight that maternal and perinatal mortality is 
almost universally high at levels of caesarean rates below 1% and, with some 
exceptions, below 2%, suggesting that caesarean rates below these thresholds 
indicate that women and babies are dying because of lack of access to caesareans.  
Few other data sources exist to validate the minimum optimal caesarean rate, one of 
which may be clinicians’ opinions of the optimal caesarean rate. No studies were 
identified which explored the extent of variation in reported optimal rates between 
obstetric providers (a survey of South African obstetricians reported the mean “ideal” 
caesarean rate, but did not explore agreement between respondents [40]).  
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Table 1.1 Ecological studies of the association between population-level caesarean rates and maternal, neonatal and infant mortality 
Study 
reference 
Unit of 
analysis 
Setting 
Outcome of 
interest 
Association with outcome 
Factors adjusted 
for 
Range of 
caesarean 
rates 
Althabe 
[29] 
Country 
119 high-, 
medium- and 
low-income 
countries 
Maternal mortality 
Maternal mortality decreases until 15-20% caesareans 
in low-income countries (p<0.0001).  
No significant association in high- and middle-income 
countries. 
Gross national 
income; proportion 
of skilled attendance 
deliveries; 
proportion of literate 
population. 
0.4-40 
Early neonatal 
mortality 
Early neonatal mortality decreases until 15-20% 
caesareans in low-income countries (p<0.0001). 
No significant association in high- and middle-income 
countries. 
Betran [5] Country 126 countries Maternal mortality 
Maternal mortality declines with increasing caesarean 
rates below 15% caesareans. 
Maternal mortality increases with increasing 
caesarean rates above 15% caesareans.  
None 0.4-40.5 
McClure 
[35] 
Country 
188 countries 
high-, middle- 
and low-
income 
countries 
(unclear how 
many included 
in caesarean 
analysis) 
Maternal mortality 
Maternal mortality decreases with increasing 
caesarean rate below 10% caesareans for all 
countries (p<0.0001). 
No significant association above 10% caesareans for 
all countries (p=0.81). 
Similar association for developing countries, but no 
association in developed countries (p=0.22). None 
1-37  
 
(1-36 for 
developing 
countries, 
10-37 for 
developed 
countries) Stillbirths 
Stillbirths decrease with increasing caesarean rate 
below 13% caesareans for all countries (p<0.0001). 
No significant association above 13% caesareans for 
all countries (p=0.77). 
Similar association for developing countries, but no 
association in developed countries (p=0.27). 
Volpe [36] Country 193 countries Maternal mortality 
Maternal mortality declines exponentially with 
increasing caesarean rate (p<0.001); deceleration in 
curve between 10-15%. 
None 0.4-41.9 
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Study 
reference 
Unit of 
analysis 
Setting 
Outcome of 
interest 
Association with outcome 
Factors adjusted 
for 
Range of 
caesarean 
rates 
Maternal mortality increases with caesarean rate when 
including only countries with caesarean rate >15% 
(p=0.08). 
Zizza [34] Country 
142 high-, 
medium- and 
low-income 
countries 
Maternal mortality 
Maternal mortality decreases with rising caesarean 
rate below 9% caesareans (p<0.001).  
No significant association above 9% caesareans.  
None 0.4-42.3 
Neonatal mortality 
Neonatal mortality decreases with rising caesarean 
rate below 15% caesareans (p<0.001).  
Neonatal mortality increases with rising caesarean 
rate above 15% caesareans (p=0.04). 
Jurdi [21] Country 
18 countries in 
the Arab 
region 
Maternal mortality 
Maternal mortality decreases with rising caesarean 
rate (r=-0.579, p<0.05). 
None 1.4-16.0 
Ronsmans 
[37] 
Urban 
and rural 
study 
sites 
16 sites in 8 
West African 
countries 
Maternal mortality 
Maternal mortality decreases with rising caesarean 
rate (r=-0.59; r2=0.34). 
None 0.2-2.7 
Ye [39] 
Country 
and year 
19 high-
income 
countries, with 
repeated 
observations 
between 1980 
and 2010 
Maternal mortality 
Maternal mortality decreases with rising caesarean 
rate below 15% caesareans. 
No significant association above 15% caesareans. 
Human 
Development Index; 
Gross Domestic 
Product 
6.2-32.8 
Neonatal mortality 
Neonatal mortality decreases with rising caesarean 
rate below 10% caesareans. 
No significant association above 10% caesareans. 
Jonsdottir 
[38] 
Year 
Years between 
1987-2006 in 
Iceland 
(national data) 
Perinatal mortality 
No significant change in perinatal mortality with 
increase in national caesarean rate. 
None 
11.9-
16.7% 
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1.3.2. The Unmet Obstetric Need approach 
Due to the difficulty of establishing a minimum optimal caesarean rate necessary to 
achieve optimal maternal and infant outcomes, researchers have instead tried to 
identify an absolute minimum threshold for conditions threatening the mother’s life, to 
measure the population-level unmet need for life-saving surgery. The concept of 
absolute maternal indications (AMIs) was proposed by the Unmet Obstetric Need 
(UON) Network, and refers to obstetric complications for which, without receiving 
surgery, a woman is thought to be very likely to die [30]. Surgery can be used to treat a 
range of life-threatening obstetric conditions [7], and surgical interventions are 
generally better documented than less invasive treatments; therefore the UON indicator 
focused on obstetric surgery for both relevance and practicality reasons.   
The UON indicator focuses on these life-threatening conditions because they are 
believed to occur in a constant percentage of deliveries across populations, and 
because they can be used to calculate a direct estimate of the number of maternal 
deaths from these conditions avertable by surgery, thus providing a clear interpretation 
for the indicator. AMIs for obstetric surgery consist of the following complications [30]: 
 Severe antepartum haemorrhage caused by major placenta praevia or abruptio 
placentae (severe bleeding before delivery caused by an abnormal 
implantation of the placenta near the cervical os or detachment of the placenta 
from the uterine wall) 
 Incoercible postpartum haemorrhage (unstoppable bleeding after delivery) 
 Major cephalopelvic disproportion (where the fetal head is larger than the 
mother’s pelvis, making vaginal delivery impossible) 
 Uterine rupture (a catastrophic complication of obstructed labour, where the 
uterine wall tears) 
 Transverse lie (where the baby’s long axis lies across the long axis of the 
mother, making vaginal delivery impossible) 
 Brow presentation (where the fetus’ forehead is the presenting part; the 
diameter of the fetal head at this angle is usually larger than the mother’s 
pelvis, making vaginal delivery impossible) 
These complications were included as AMIs on the basis of clinical experience, but 
have not been validated with epidemiological data. Nonetheless, these are extremely 
severe complications thought to represent a critical need for obstetric surgery. 
Surgeries used to treat AMIs include primarily caesareans, as well as hysterectomy, 
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laparotomy for uterine tear repair, internal version, symphysiotomy, and destructive 
deliveries (craniotomy and embryotomy).  
The UON Network estimates that 1.4% (95% confidence interval (CI): 1.27-1.52) of 
deliveries will develop an AMI, on the basis of the observed percentage of surgeries for 
AMIs in urban settings thought to have good access to care (a detailed explanation of 
the evidence used for determining this benchmark is provided in chapter 5) [41]. The 
UON indicator is then calculated as the difference between the proportion of deliveries 
expected to develop an AMI, minus the observed proportion of deliveries receiving 
surgery for an AMI: 
Unmet Obstetric Need 
 = Expected percentage of deliveries with AMIs (total need = 1.4%) 
  – Observed percentage of deliveries with surgery for AMIs (met need) 
The assumption that women who develop an AMI will die if they do not receive surgery 
allows for making inferences about maternal mortality based on the expected AMI 
prevalence of 1.4%; for example, an observed percentage of surgery for AMIs of 1.4% 
suggests that there is no excess mortality from AMIs due to lack of access to surgery in 
this population (Figure 1.3 below was created to illustrate this concept). Conversely, if 
only 0.5% of deliveries actually receive surgery for an AMI, there is thought to be an 
unmet need for obstetric surgery and we would expect a mortality ratio of at least 0.9% 
(or 900 per 100,000 deliveries) for AMI-related causes.  
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Figure 1.3 Relationship between met need for obstetric surgery for AMIs and maternal 
mortality from AMI-related causes 
 
Not all pregnancy-related deaths are caused by AMIs: indeed, a substantial proportion 
of deaths in pregnant or postpartum women are due to conditions which cannot 
necessarily be treated with surgery. A recent systematic review of global causes of 
maternal deaths identified hypertensive disorders and sepsis as the second and third 
most frequent causes of deaths (accounting for one quarter of all maternal deaths 
combined) [42], conditions in which obstetric surgery is not always useful to avert 
deaths, particularly in the case of sepsis. As a result, the level of all-cause maternal 
mortality will be higher than the estimated mortality from AMIs alone.  
The UON indicator has been used to measure the unmet need for obstetric surgery in 
several low- and middle-income countries, though not all studies use the 1.4% 
threshold. The expected prevalence of AMIs used in these studies ranged between 1% 
in Haiti and Morocco [41], and 2% in Tanzania [43, 44]; some of these benchmarks 
contributed to calculating the 1.4% prevalence estimated by the UON, though some of 
these studies conducted after publication of this estimate continued to use different 
benchmarks, for unclear reasons.  
The UON Network reported results from studies in eight countries (Benin, Burkina 
Faso, Haiti, Mali, Morocco, Niger, Pakistan, and Tanzania), where the percentage of 
deliveries receiving surgery for AMIs ranged from 0.23% in Niger to 1.03% in Benin, 
suggesting substantial unmet need for obstetric surgery in most of these settings [41]. 
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Sub-national studies found that the regional percentage of surgery for AMIs varied 
between 0.3-0.8% in Mali in 2001 [45], 0.16-0.62% across wards in Morocco in 1995 
[46] and 0.8-1.1% in three districts in north-east Tanzania in 2000-02 [43]. Another 
study in south-east Tanzania in the same time period found a percentage of surgery for 
AMIs of 1.8% for Mtwara region as a whole, and above 2% in several sub-divisions 
[44], suggesting potential misclassification of surgeries for AMIs. Most studies 
demonstrated larger unmet need among rural than urban women [43-45, 47].  
The UON indicator builds on a number of assumptions which merit verification. First, it 
has not been demonstrated that groups with less than 1.4% surgery for AMIs suffer 
from excess mortality from these causes and the validity of this threshold is uncertain. 
Second, there is debate over whether other complications, such as eclampsia, should 
be included among AMIs, though many women with eclampsia survive without surgery 
[48]. Extra-uterine pregnancies and previous caesarean have also been included as 
AMIs in some studies in low-income countries [41]. Third, calculating the indicator 
usually relies on data from hospital records, where information is assumed to be valid, 
despite issues of missing information on indications and of misclassification related to 
surgeries performed for AMIs. In particular, cephalopelvic disproportion is a subjective 
diagnosis thought to have low specificity [49], implying that caesareans for other 
dystocic complications may be included as surgeries for AMIs, thus overestimating the 
met need. A previous study in Bangladesh found that groups with lower rates of 
surgery for AMIs did not suffer from excess mortality from AMIs, suggesting the 
indicator is not valid, and reported of misclassification of surgeries for major 
cephalopelvic disproportion [50]. The UON indicator has not been validated in sub-
Saharan Africa, and the extent of misclassification in these settings is unknown. 
1.3.3. Thresholds for the absolute minimum caesarean rate 
One disadvantage of the UON indicator is that it requires data collection from hospitals, 
which is cumbersome and time-intensive. If the assumption that at least 1.4% of 
deliveries require surgery to ensure the mother’s survival is valid, it implies that all-
cause population-based caesarean rates below 1.4% (including, but not limited to, 
caesareans for AMIs) represent an unmet need for life-saving caesareans. Due to the 
uncertainty around the estimated prevalence of AMIs, two thresholds (1% and 2%) 
have been used as benchmarks for the absolute minimum caesarean rate at the 
population level. Although the minimum caesarean rate necessary to prevent all deaths 
avertable with caesareans is likely to be higher, rates below these extremely low 
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thresholds suggest almost certainly that some women are dying from lack of access to 
surgery (as supported by the ecological evidence reviewed above).  
Ronsmans et al. analysed differentials in caesarean rates across wealth quintiles in 42 
countries in sub-Saharan Africa, south and south-east Asia, and Latin America and the 
Caribbean [6]. Using data from Demographic and Health Surveys conducted between 
1990 and 2004 they found extremely low caesarean rates among the poor in the 
majority of countries, including 20 countries in which the poorest 20% had rates below 
1%. Caesarean rates were below 1% for 80% of the population in six sub-Saharan 
countries (Chad, Madagascar, Niger, Ethiopia, Burkina Faso, and Mali). Stanton and 
Holtz examined urban-rural differences in caesarean rates in 36 developing countries 
[4]. Their results showed that urban rates were above 2% in all study countries, while 
the caesarean rate in rural areas was below 1% or 2% in several sub-Saharan African 
countries. These studies suggest that there is an unmet need for life-saving surgery in 
sub-Saharan Africa, particularly among the rural and the poor.  
In summary, while recommendations for optimal caesarean rates suggest a minimum 
threshold of 5%, ecological studies have not identified a single minimum optimal 
caesarean rate necessary to achieve low maternal or perinatal mortality, though all 
reported thresholds were above 5%. Efforts to measure the unmet need at the 
population level have instead focused on identifying an absolute minimum threshold 
below which women are considered to be dying because of lack of access to surgery 
for life-threatening complications. The UON indicator proposes that groups with less 
than 1.4% deliveries receiving surgery for AMIs suffer from excess mortality from these 
causes; however, this indicator has not been validated. On the basis of work by the 
UON Network, population-based caesarean rates below 1% and 2% (for all indications) 
have also been suggested as indicating an unmet need for life-saving obstetric surgery, 
a suggestion supported by the high maternal and perinatal mortality observed in 
countries with very low caesarean rates.  
1.4. Measuring the unmet need for caesareans among subgroups of deliveries 
Defining the need for caesareans among subgroups of deliveries requires identifying 
conditions for which the benefits of receiving a caesarean outweigh the risks for 
mothers and babies. As outlined above, vaginal delivery would inevitably lead to severe 
morbidity or mortality for AMIs; these conditions constitute an absolute need for 
caesareans, and caesarean rates below 100% in these groups represent a clear unmet 
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need. For other conditions, some – but not all – deliveries require a caesarean to avert 
poor outcomes, and these conditions do not necessarily represent an absolute need for 
caesareans for all cases (I will refer to this as a “relative need for caesareans” in this 
chapter). It is unclear how to measure the unmet need for these conditions: the 
minimum optimal caesarean rate – though lower than 100% – cannot be calculated 
from the magnitude of relative risk associated with caesarean delivery, and therefore 
the benchmark for calculating the unmet need is unknown in these groups.  
The evidence on the risks and benefits of caesareans comes from several sources: 
clinical experience, randomised controlled trials, and observational studies. This 
section will review the available evidence relating to the benefits and risks of 
caesareans for specific obstetric conditions, with the aim of identifying conditions which 
constitute an absolute or relative need for caesareans. It will end by presenting an 
approach stratifying the caesarean rate according to groups of deliveries with different 
risk factors for caesareans (the Robson classification). 
1.4.1. Clinical experience 
Most of the evidence relating to the need for caesareans is clinical. Absolute maternal 
indications (AMIs), described previously (section 1.3.2), are considered to represent an 
absolute need for caesareans in order to save the mother’s life; these were identified 
on the basis of clinical experience that vaginal delivery with these conditions is either 
impossible, or threatens the life of the mother and the baby.  
For most conditions, the decision to perform a caesarean is made on a case-by-case 
basis by clinicians. The risk-benefit evaluation takes into account multiple complex 
factors, and there are no standard algorithms for this clinical decision-making. For 
example, the assessment of whether a woman with pre-eclampsia needs a caesarean 
will depend on many factors at repeated time points, including – but not limited to – the 
severity of hypertension, whether she is in labour, whether induction of labour has 
succeeded, the pace of progression of labour, as well as the presence and severity of 
fetal distress. Most obstetric conditions do not represent a clear indication for 
caesareans in and of themselves, and the combinations of clinical criteria considered to 
require a caesarean has not been defined in a standardised way. 
1.4.2. Evidence from randomised controlled trials 
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Randomised controlled trials (RCT) can help inform the need for caesareans by 
identifying conditions for which planned caesareans lower the overall mortality and 
morbidity risks for the mother and baby, compared with planned vaginal delivery. If a 
composite indicator of risk were constructed for maternal and perinatal outcomes, 
conditions associated with a very large relative risk for vaginal delivery compared with 
caesarean would represent an absolute need for caesareans, while those associated 
with a somewhat higher relative risk would represent a relative need for caesareans.  
I searched the Cochrane Library for systematic reviews of the effectiveness of 
caesareans in averting poor maternal and/or perinatal outcomes, and identified two 
groups of deliveries for which RCTs assessed the benefits of caesarean delivery: 
breech presentation and women with HIV infection. 
Caesarean for breech presentation 
Breech presentation occurs when the fetus’ buttocks or feet are the first body part to 
enter the birth canal. Three trials of planned caesarean for singleton breech 
presentation at term were included in the Cochrane review [51]. The meta-analysis 
found reduced perinatal or neonatal mortality or serious neonatal morbidity in the 
planned caesarean group, compared with planned vaginal birth (risk ratio (RR)=0.33, 
95% CI: 0.19-0.56). Contrary to countries with low perinatal mortality, serious neonatal 
morbidity was not reduced with caesarean delivery in countries with high perinatal 
mortality (RR=0.08, 95% CI: 0.02-0.32 in countries with low perinatal mortality, 
compared with RR=0.92, 95% CI: 0.42-1.99 in countries with high perinatal mortality) 
[52], but the risk ratio for perinatal or neonatal death was similar in both groups of 
countries. It is important to note that 45% of women assigned to planned vaginal birth 
had an emergency intrapartum caesarean delivery, suggesting that the increased fetal 
risk in the planned vaginal group may be partly explained by the higher risks of 
emergency intrapartum caesareans compared with planned caesareans.  
Planned caesarean for breech presentation was associated with an increase in 
maternal morbidity at three months (RR=1.29, 95% CI 1.03-1.61) [51]. Specifically, they 
were more likely to experience abdominal pain (RR=1.89, 95% CI 1.29-1.79), but less 
likely to have urinary incontinence (RR=0.62, 95% CI 0.41-0.93) or perineal pain 
(RR=0.32, 95% CI 0.18-0.58) [51]. None of the adverse neonatal outcomes studied 
were higher among the group assigned to caesarean delivery, suggesting there were 
no risks to the infant. 
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The authors argue that improved perinatal outcomes at the expense of maternal 
morbidity is important information for individual decision-making, but do not make a 
general recommendation for routine caesareans among breech deliveries. Not all 
breech deliveries require a caesarean to avert poor perinatal outcomes (since vaginal 
breech delivery can be performed safely in some cases), and breech presentation thus 
represents a relative – rather than absolute – need for caesarean.   
Caesarean for maternal HIV infection 
One RCT of planned caesarean for prevention of mother-to-child transmission (MTCT) 
of HIV-1 was identified [53]. Planned caesarean was found to be efficacious for 
preventing MTCT among women not taking antiretrovirals or taking zidovudine only 
(odds ratio (OR)=0.2, 95% CI 0-0.8), but its effect was unclear among HIV-1-infected 
women with low viral loads. There were no data available regarding maternal or 
perinatal mortality or morbidity according to mode of delivery in this trial. The authors 
recommended that mode of delivery be decided on an individual basis for women with 
low viral loads, but they argue that “the benefit of elective caesarean section generally 
outweighs the risk of postpartum maternal morbidity” in women with high viral loads 
[53]. Women with high HIV viral load probably represent a relative need for caesareans 
(despite missing information on morbidity or mortality) since MTCT does not occur in 
100% of vaginal deliveries. 
While the evidence from RCTs has shown that breech delivery and high HIV viral load 
represent a relative need for caesareans, it is unclear how to measure the unmet need 
for caesareans in these groups because the relative risk cannot be used to determine 
the minimum optimal caesarean rate. Other systematic reviews identified insufficient 
data from RCTs to assess the effect of caesarean delivery on maternal and perinatal 
outcomes in the event of previous caesarean (compared with planned vaginal birth [54] 
and induction of labour [55]), singleton preterm labour [56], twin pregnancy [57], 
maternal hepatitis C infection [58], or of caesareans for non-medical reasons at term 
[59]. No RCTs of emergency caesareans for antepartum or intrapartum complications 
have been conducted, because the clinical benefit is believed to be obvious, therefore 
making RCTs unethical. 
The evidence base from RCTs is therefore very limited: few obstetric conditions have 
been studied, and these trials cannot be used to determine the optimal caesarean rate 
in groups with a relative need for caesareans.  
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1.4.3. Evidence from observational studies 
Risks and benefits of caesareans for specific complications 
There are important limitations of using observational studies to assess which 
complications would benefit from a caesarean: since women who deliver by caesarean 
are likely to have more severe complications (leading to performing the caesarean), 
their outcomes are likely to be worse than women who deliver vaginally irrespective of 
the mode of delivery. The confounders which would need to be controlled for in order to 
achieve comparability between groups (other than type of obstetric complication) are 
unknown, and likely to be multiple and complex. Therefore evidence from observational 
studies is not appropriate for assessing the need for caesareans for specific 
complications.   
As an example, Hall and colleagues compared the risk of neonatal morbidity between 
antepartum caesarean and trial of labour among women with severe pre-eclampsia 
before 34 weeks gestation [60]. Babies exposed to labour had a lower risk of sepsis 
(RR=0.56, 95% CI 0.33-0.93) and receiving intensive care (RR=0.4, 95% CI 0.27-0.58) 
[60]. However, the higher morbidity among babies born by antepartum caesarean is 
likely caused by selection bias: in the study hospital, antepartum caesareans were only 
performed in the case of complications such as fetal distress or breech presentation, 
and the caesarean group thus had a higher prevalence of obstetric complications 
affecting neonatal morbidity at baseline. These findings are not useful for determining 
whether early-onset pre-eclampsia constitutes a need for caesarean.  
Intrinsic risks associated with caesarean sections 
The risk associated with caesareans has two components: an intrinsic risk, which 
occurs for all caesareans, and a risk that is dependent on the complication (for 
example, HIV-infected women receiving a caesarean were almost six times more likely 
to develop postpartum sepsis than HIV-negative women delivering by caesarean [61]). 
Assessing the complication-specific risk is subject to the same issue of selection bias 
outlined above. However, several large observational studies have attempted to 
quantify the intrinsic risks related to caesarean delivery by comparing caesareans with 
no medical indication to vaginal deliveries: since these caesareans do not have a 
clinical indication, women with caesareans are not thought to be at higher risk of 
obstetric complications than women delivering vaginally, and any observed increase in 
morbidity or mortality can be attributed to the caesarean itself. 
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The WHO Global Survey on Maternal and Perinatal Health was a large facility-based 
survey of mode of delivery and birth outcomes in 24 countries in Africa, Asia and the 
Americas [8]. This study found that the odds of severe maternal morbidity or mortality 
(including death, admission to intensive care, blood transfusion and hysterectomy) 
were 6 times higher (OR=5.93, 95% CI 3.88-9.05) for antepartum caesareans without 
indications (n=1,735), and 14 times higher (OR=14.29, 95% CI: 10.91-18.72) for 
intrapartum caesareans without indications (n=950), compared with spontaneous 
vaginal delivery (n=205,551) and adjusting for a wide range of socio-economic and 
obstetric factors. The odds of severe perinatal outcome (including perinatal death and 
intensive care stay of over 7 days) were 2.5 times higher for intrapartum caesarean 
without indications (OR=2.48, 95% CI: 1.66-3.69), but were no different between 
babies born by antepartum caesarean without indications and spontaneous vaginal 
delivery.  
The odds ratio of severe maternal morbidity associated with caesareans without 
indications was considerably larger in Africa (OR=71.29, 95% CI: 32.06-158.55 for 
antepartum caesarean without indications, compared with spontaneous vaginal 
delivery) than in Asia or the Americas (OR=2.14, 95% CI: 1.04-4.43 in Asia, and 
OR=1.94, 95% CI: 0.77-4.9 in the Americas), though the estimates for Africa are based 
on small numbers for antepartum and intrapartum caesareans (n=63 and n=202, 
respectively). This geographical difference suggests that the magnitude of risk 
associated with caesareans varies according to setting, and therefore, that identifying 
conditions with a need for caesareans is also context-specific.  
Evidence from high-income countries corroborates findings of increased maternal and 
neonatal morbidity with caesareans without medical indication. A retrospective study 
using data from the Swedish birth registry found that women undergoing caesareans 
without medical indication were more likely to experience haemorrhage (OR=2.5, 95% 
CI: 2.1-3.0) and infection (OR=2.6, 95% CI: 1.8-3.8) compared with spontaneous 
vaginal delivery (n=5,877 caesareans and n=13,774 vaginal deliveries) [62]. This study 
also found an increase in neonatal respiratory morbidity after caesareans without 
medical indication (OR=2.7, 95% CI: 1.8-3.9). A similar study of deliveries in Canada 
between 1991 and 2005 found that women who underwent a low-risk planned 
caesarean (defined as a planned caesarean for breech delivery, without antepartum 
complications) had 3 times the odds of severe maternal morbidity as healthy women 
with planned vaginal delivery (OR=3.1, 95% CI 3.0-3.3, based on n=46,766 low-risk 
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elective caesareans and n=2,292,420 planned vaginal deliveries in healthy women) 
[63].  
Observational studies have therefore provided evidence that there is a non-negligible 
intrinsic risk associated with caesarean delivery. Though the relative risk for 
caesareans without medical indication is not directly relevant to measuring the unmet 
need for caesareans, it does indicate that the benefits of performing a caesarean in a 
subgroup of deliveries must be at least as large as these risks in order for these 
complications to require a caesarean.  
In summary, there is very little robust epidemiological evidence which can help 
measure the unmet need for caesareans in subgroups of deliveries. Clinical experience 
suggests that absolute maternal indications need a caesarean in all cases; caesarean 
rates below 100% in these groups is thought to represent a clear unmet need for 
caesareans. Systematic reviews of RCTs suggest that breech deliveries and women 
with high HIV viral load represent a relative need for caesareans, but the optimal 
caesarean rate in these groups cannot be deduced based on the relative risk, and 
therefore it is not possible to measure the unmet need for these complications. For 
other conditions, there is no epidemiological evidence on the risks and benefits of 
caesareans, and the need for caesarean is generally assessed at the individual level 
based on clinical experience. Therefore, it is not possible to establish a clear minimum 
threshold of need for caesareans in subgroups of deliveries other than absolute 
maternal indications. 
1.4.4.  Robson classification 
I have argued above that identifying the need for caesareans epidemiologically is not 
possible for most obstetric conditions; some effort has instead been made to analyse 
caesarean rates in groups of women with different demographic and reproductive risk 
factors for caesareans. In the context of rising caesarean rates in the UK, Robson 
proposed a woman-based classification of caesareans, with the aim of enabling 
maternity units to understand which groups of deliveries drive trends in their 
institutional caesarean rate [64]. This classification was conceived as a tool for 
reviewing clinical management to achieve appropriate caesarean rates, given the case-
mix of a specific facility. I will explore whether this classification may also be useful for 
monitoring unmet need within facilities in sub-Saharan Africa and South Asia. 
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The Robson classification is based on six obstetric parameters: parity, single/multiple 
pregnancy, fetal presentation, gestational age, onset of labour, and previous caesarean 
[64]. The classification includes 10 groups of deliveries based on combinations of the 
six parameters (described in Table 1.2), which were “created to reflect as much as 
possible the groups of women who are most relevant in clinical practice” [64] and thus 
drawn on the basis of clinical experience, rather than epidemiological data.  
Table 1.2 Robson classification of caesarean sections 
Category 
number 
Category description 
1 Nulliparous, singleton cephalic, ≥ 37 weeks, in spontaneous labour 
2 
Nulliparous, singleton cephalic, ≥ 37 weeks, induced or caesarean before 
labour 
3 
Multiparous (excluding previous caesarean), singleton cephalic, ≥ 37 weeks, in 
spontaneous labour 
4 
Multiparous (excluding previous caesarean), singleton cephalic, ≥ 37 weeks, 
induced or caesarean before labour 
5 Previous caesarean, singleton cephalic, ≥ 37 weeks 
6 All nulliparous breeches 
7 All multiparous breeches (including previous caesarean) 
8 All multiple pregnancies (including previous caesarean) 
9 All singleton transverse or oblique lies (including previous caesarean) 
10 All singleton cephalic, ≤ 36 weeks (including previous caesarean) 
 
The Robson classification assigns all deliveries in a facility, and reports the caesarean 
rate as well as the percentage of all caesareans performed in each group. A decade 
after proposing the classification, Robson provided some guidelines for interpreting 
these rates [65]. He suggests that the caesarean rate among transverse and oblique 
lies (group 9) should be 100% (consistent with their definition as absolute maternal 
indications); therefore caesarean rates below 100% suggest an unmet need. Optimal 
caesarean rates in other categories are based on Robson’s experience as an 
obstetrician, though they have not been validated (epidemiologically or by clinical 
consensus). He mentions the caesarean rate is “usually” around 25-30% among 
singleton nulliparas who do not go into spontaneous labour (group 2), 4-6% among 
singleton multiparas without spontaneous labour (group 4), and 60% among multiple 
pregnancies (group 8) [65]. He further argues that a rate of 50-60% among singleton 
deliveries with previous caesarean is “satisfactory provided there is satisfactory 
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perinatal outcome” [65] (though “satisfactory perinatal outcomes” are not defined). The 
evidence that these percentages are based on is unclear, and they should not be used 
as benchmarks for the minimum caesarean rate in these groups. Though the ranking of 
these categories in terms of need for caesarean is not explicit, singleton transverse and 
oblique lies (group 9) have the highest need for caesarean (close to 100%) and 
singleton cephalic multiparas in spontaneous labour, with no previous caesarean 
(group 3), are considered to have the lowest need for caesarean. 
A recent systematic review [66] of studies applying the Robson classification identified 
73 studies in 31 countries, primarily cross-sectional studies and time trend analyses in 
high-income countries including Ireland [65], Belgium [67], Sweden [68], the USA [69, 
70], Oman [71], Singapore [72], and Chile [73]. The authors of the systematic review 
note “the interpretation of the results of the classification is the weakest point of its use” 
[66]. One of the advantages of the classification (as reported by its users) is that it can 
be used as an intervention to reduce caesareans [66], by analysing excess caesareans 
in different categories. For example, in Tanzania, Litorp et al. found that the caesarean 
rate in the lowest risk group (multipara without previous caesarean, with term singleton 
cephalic delivery and in spontaneous labour, group 3) rose to 33% with no 
improvement in maternal or perinatal outcomes. The authors suggest that this rate is 
high and implies some of these interventions are performed on “questionable” 
indications [74], though the basis for this interpretation is unclear. There is no 
consensus on what the minimum caesarean rates should be among most Robson 
categories in order to measure the unmet need, except for transverse and oblique lies.  
1.5. Proportion of emergency caesareans and caesareans for specific 
indications 
In the literature, clinical information on caesareans (such as indications for caesareans) 
has been examined as a means of assessing excess caesareans, but less attention 
has been paid to its ability to inform estimates of the unmet need for caesareans.  
Many different classifications of caesareans have been used in the literature; these 
have been summarised in a systematic review conducted by the WHO [75]. Torloni et 
al. identified three main types of classifications. The first two examine caesareans by 
degree of urgency, which emphasise “when” (or how fast) a caesarean should be 
performed; and by clinical indication, which assess “why” the caesarean was 
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performed. The third classification examines “who” receives a caesarean (such as the 
Robson classification, described above), and will not be further developed here [75].  
Information on emergency status and indications may be useful to calculate the unmet 
need for caesareans if there were clear benchmarks for the percentage of all deliveried 
which should receive an emergency caesarean or a caesarean for a specific indication. 
However, I will argue in this section that there are no such validated benchmarks, 
therefore this information is not useful for measuring the unmet need for caesareans. 
1.5.1. Proportion of emergency caesareans 
The simplest urgency-based classification categorises caesareans as elective (planned 
in advance), or emergency (performed rapidly after the decision is made). More 
complex classifications are used in certain clinical settings [75], such as the Royal 
College of Obstetricians and Gynaecologists’ classification (“immediate threat to the life 
of the mother or fetus”, “maternal or fetal compromise, but not immediately life-
threatening”, “no maternal or fetal compromise, but needs early delivery” and “delivery 
timed to suit woman or staff”) [76].  
There is no known threshold of the percentage of caesareans that should be 
emergencies, or the percentage of all deliveries requiring an emergency caesarean, 
and therefore information on emergency status is not useful for measuring the unmet 
need. Very high proportions of elective caesareans within a facility may indicate excess 
caesareans in some settings, though even in areas of Brazil with a population-based 
caesarean rate of 45%, only one third of caesareans were recorded as elective [77]. 
Even if such a minimum threshold were known, not all emergency procedures are 
necessary. Indeed, emergency caesareans may be overutilised if the severity threshold 
of complications for performing a caesarean is too low; caesareans performed in 
response to prolonged labour in particular may be performed before the appropriate 
duration of labour has been reached (as defined by partograph assessment) [78].  
1.5.2. Percentage of caesareans for clinical indications 
Classifications of clinical indications (“why” a caesarean was performed) abound in the 
literature: Torloni et al. identified 12 classifications with sufficient explanation to be 
reproducible [75], though many more have been used. These classifications are used 
to measure the percentage of caesareans performed for each indication. The 
categories included vary widely: dystocic complications (including obstructed labour, 
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cephalopelvic disproportion, and prolonged labour) tend to be the most common 
indication for caesarean [19, 79-84], though the percentage of caesareans performed 
for this indication varies substantially (between 2% in a private facility in Bangladesh to 
59% in an urban government facility in Guinea, according to one study [85]). Other 
common indications for caesarean include malpresentation, fetal distress, and pre-
eclampsia or eclampsia [19, 79, 80, 83].  
Information on indications is not useful to identify the unmet need within health 
facilities: as with the urgency of caesareans, there is no benchmark for the minimum 
caesarean rate for each indication. If the prevalence of various complications and the 
minimum optimal rate for each complication were known, the percentage of all 
deliveries requiring a caesarean for each indication could be ascertained, though these 
have not been validated [86, 87]. Some researchers have made inferences on the 
excess of caesareans based on indications data. For instance, maternal requests 
account for 20% of caesareans in South-East China, all of which are considered 
unnecessary interventions [88], and the 33% of caesareans performed for “other” 
indications in Bangladesh, in a facility where half of deliveries were by caesarean, was 
interpreted by the authors as suggesting unnecessary interventions [85].  
Several important limitations of indications data are worth noting, particularly the lack of 
standardised terminology [75, 85]. Obstructed labour and cephalopelvic disproportion 
are often poorly defined and used interchangeably with prolonged labour, as suggested 
by the inverse association between the percentage of caesareans for “failure to 
progress” and for “obstructed labour” across facilities [85]. A quality assurance audit in 
Tanzania found that only two thirds of women undergoing caesarean for “prolonged 
labour” had a prolonged labour based on partograph assessment [78], further 
suggesting that the severity of indications may be misclassified. Another limitation is 
that caesareans often have multiple indications: most classifications do not include 
hierarchical rules for assigning a single indication in these cases [75], in part because 
such a hierarchy between indications is not obvious (except for extremely severe 
indications, such as uterine rupture). 
In summary, information on the urgency of or indications for caesareans are not useful 
for assessing the unmet need for caesareans, because there are no benchmarks for 
interpreting the proportion of deliveries that require an emergency caesarean, or a 
caesarean for a specific indication. However, comparing the percentage of emergency 
caesareans or caesareans performed for various indications across groups of women 
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with different population-based caesarean rates may help understand how access to 
care affects the case-mix of hospital deliveries across groups. This has not been 
explored, in part because it requires both population-based data on caesareans and 
maternal socio-economic characteristics, as well as clinical data from hospital records. 
Table 1.3 summarises the strengths and weaknesses of the different approaches to 
measuring the unmet need for caesareans discussed in this chapter. 
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Table 1.3 Summary of different types of information on caesarean sections and their relevance for measuring the unmet need for or unnecessary 
caesareans 
Name Approach Indicator 
Data 
requirements 
Interpretation 
Usefulness for 
measuring unmet 
need 
Usefulness for 
measuring unnecessary 
caesareans 
Deliveries in health facilities 
Emergency vs. 
elective 
caesareans 
Classify all 
caesareans into 
emergency (time-
sensitive) and 
elective (planned); 
emergency 
caesareans can be 
specified as 
antepartum or 
intrapartum. 
 Percentage of 
emergency and 
non-emergency 
caesareans  
 
Numerator: number 
of emergency or 
elective 
caesareans; 
denominator: total 
number of 
caesareans or of 
deliveries 
 Emergency or 
elective status 
(clinical 
records); 
OR 
 Timing of 
decision / 
caesarean 
relative to 
labour (clinical 
records) 
 
All emergency 
antepartum caesareans 
are interpreted to fill a 
need for obstetric surgery, 
though a proportion of 
emergency intrapartum 
and elective caesareans 
may be “unnecessary” 
interventions.  
 
The interpretation of the 
indicators is unclear due 
to lack of benchmarks. 
 Not useful for 
measuring unmet 
need, though socio-
economic stratification 
may be useful to 
identify whether 
groups with low 
caesarean rates have 
high proportions of 
emergency 
caesareans 
 High proportions of 
elective caesareans 
may reflect 
unnecessary 
caesareans 
 However, no 
benchmarks for 
interpreting indicator 
and percentage likely to 
be affected by case mix 
 Informative at facility 
level, but not population 
level  
Clinical 
indications for 
caesarean 
All caesareans are 
classified according 
to their indication 
 Percentage of 
caesareans 
performed for each 
indication  
 
Numerator: number 
of caesareans with 
indication; 
denominator: total 
number of 
caesareans or 
deliveries 
 Indication for 
caesarean 
(clinical 
records) 
 
Unclear how to assess 
unmet need. 
 
A high proportion of 
caesareans for maternal 
request or “other” may 
reflect unnecessary 
caesareans, though 
benchmark is unknown. 
 Not useful for 
measuring unmet 
need, though socio-
economic stratification 
may be useful to 
identify whether 
groups with low 
caesarean rates have 
high proportions of 
caesareans for more 
severe complications 
 High proportions of 
caesareans for 
“maternal request” or 
“other” may reflect 
unnecessary 
caesareans 
 However, 
misclassification of 
indications is common  
and multiple indications 
may be recorded 
 Informative at facility 
level, but not population 
level  
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Name Approach Indicator 
Data 
requirements 
Interpretation 
Usefulness for 
measuring unmet 
need 
Usefulness for 
measuring unnecessary 
caesareans 
Robson 
classification of 
deliveries 
Deliveries in health 
facilities are grouped 
into 10 categories 
based on six obstetric 
parameters (multiple 
pregnancy, parity, 
induced labour, 
previous caesarean, 
gestational age and 
fetal presentation).  
 
Caesarean rates are 
calculated in each 
category. 
 Caesarean rate in 
each Robson 
category 
 
Numerator: number 
of caesareans in 
Robson category; 
denominator: 
number of 
deliveries in 
Robson category 
 
 
 Six obstetric 
characteristics 
(multiple 
pregnancy, 
parity, induced 
labour, 
previous 
caesarean, 
gestational age 
and fetal 
presentation) 
(clinical 
records) 
Caesarean rate among 
singleton, term, cephalic 
multipara with no previous 
caesarean and 
spontaneous labour 
(group 3) should be “no 
higher than 3%”. 
 
Caesarean rate of 50-
60% is “satisfactory” 
among singleton cephalic 
deliveries with previous 
caesarean (group 5).  
 
Caesarean rate should be 
100% among transverse 
and oblique lies (group 9). 
 
Benchmarks not validated 
(except group 9).  
 Caesarean rates 
below 100% among 
transverse or oblique 
lies represent unmet 
need for caesareans 
in this group 
 Informative at facility 
level, but not 
population level 
 
 May be useful to 
identify excess 
caesareans among low-
risk categories, but 
benchmarks have not 
been validated 
 Unclear how need for 
caesareans is predicted 
to vary across 
categories (no explicit 
ranking of need) 
 Categories drafted from 
clinical experience, 
rather than based on 
epidemiological 
evidence 
 Informative at facility 
level, but not population 
level 
 
 
 
 
 
 
 
 
 
 
 
All deliveries in population 
 44 
 
Name Approach Indicator 
Data 
requirements 
Interpretation 
Usefulness for 
measuring unmet 
need 
Usefulness for 
measuring unnecessary 
caesareans 
Unmet 
obstetric need 
Calculate expected 
number of absolute 
maternal indications 
(AMIs) in population 
based on rate of 
1.4%, and compare it 
to number of 
surgeries performed 
for these indications. 
 
AMIs include severe 
antepartum 
haemorrhage, 
incoercible 
postpartum 
haemorrhage, major 
cephalopelvic 
disproportion, 
transverse lies and 
brow presentations. 
 Number of 
deliveries with 
unmet obstetric 
need 
 
[Expected number 
of deliveries with 
AMIs] – [major 
obstetric 
interventions for 
AMIs] 
 
 Percentage of 
unmet obstetric 
need 
 
Numerator: 
Number of major 
deliveries with 
unmet obstetric 
need; 
Denominator: 
number of 
deliveries with 
AMIs 
 
 
 
 
 
 
 Expected 
number of 
births in 
population 
(based on birth 
rate and 
population 
size) 
 Number of 
major obstetric 
interventions 
for AMIs 
(clinical records 
from facilities 
equipped to 
perform 
surgery) 
 
The unmet need for 
surgery represents the 
number of women likely to 
have died from AMIs 
because of lack of access 
to obstetric surgery. 
 
The percentage of unmet 
obstetric need represents 
the percentage of women 
with AMIs who do not 
receive surgery. 
 
 
 Estimates unmet 
need for maternal life-
saving surgery for 
AMIs at the 
population level 
 However, 
misclassification of 
indication for surgery 
may overestimate 
met need (particularly 
for “major 
cephalopelvic 
disproportion”), and 
does not capture 
unmet need related to 
maternal deaths from 
non-AMI causes, 
maternal morbidity or 
adverse perinatal 
outcomes  
 The assumptions 
underlying this 
approach have not 
been validated. 
 
 Not useful for 
measuring 
unnecessary 
caesareans 
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Name Approach Indicator 
Data 
requirements 
Interpretation 
Usefulness for 
measuring unmet 
need 
Usefulness for 
measuring unnecessary 
caesareans 
 
Absolute 
minimum 
threshold for 
the caesarean 
rate 
The absolute 
minimum threshold 
applies to all 
population-based 
caesarean rates, but 
is often more useful 
to rates stratified 
across subgroups of 
deliveries. 
 
Stratify deliveries 
according to maternal 
characteristics (e.g. 
socioeconomic status 
(SES), residence or 
region) and calculate 
caesarean rate in 
each group 
 Caesarean rates 
stratified by 
socioeconomic 
status 
 
Numerator: number 
of caesareans in 
SES category; 
denominator: 
number of 
deliveries in SES 
category 
 
 Percent population 
with caesarean rate 
below 1% / 2%  
 
Numerator: number 
of deliveries with 
cumulative 
caesarean rate 
below threshold; 
denominator: total 
number of 
deliveries 
 
 Socioeconomic 
status of 
women and 
mode of 
delivery for all 
deliveries 
(population-
based survey 
data) 
 
The need for caesareans 
is assumed to be equal 
across groups, and 
groups with caesarean 
rate below 1-2% are 
interpreted to have 
avoidable maternal 
deaths as a result of 
unmet need for surgery 
(based on Unmet 
Obstetric Need 
approach).  
 
 Estimates unmet 
need at population 
level on the basis of 
caesarean rates 
below 1%, 2% and 
5% 
 However, these 
thresholds have not 
been validated and 
the sample size of 
caesareans may be 
small in certain 
groups 
 Achieving a 
caesarean rate above 
1% in a subgroup 
does not imply the 
need for life-saving 
caesareans has been 
met 
 May be useful to 
measure unnecessary 
caesareans, but 
benchmarks for 
maximum caesarean 
rates are unknown 
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1.6. Rationale for the thesis 
Caesareans are a critical, and sometimes life-saving, procedure. However, they also 
have risks, and therefore surgical deliveries should only be performed where the 
expected benefit outweighs the potential risks. There is limited epidemiological data 
that can help identify groups of women with a clear need for caesareans (that is, where 
the benefits clearly outweigh the risks); nonetheless there is little doubt that, in many 
countries in sub-Saharan Africa and South Asia, some women are not receiving 
caesareans that they need.  
Caesarean sections are an emergency obstetric care intervention and measures 
relating to caesareans are therefore process, rather than outcome, indicators. 
Coverage is defined as the proportion of people in need of an intervention who actually 
receive it [89]. High-quality and timely measurement of the coverage of interventions 
thought to improve maternal and perinatal health is important to monitor the 
effectiveness of these interventions and to track progress towards international health 
goals [90]: for instance, the proportion of births with skilled attendance is a key process 
indicator for Millennium Development Goal 5 (reduction of maternal mortality). Process 
indicators are particularly valuable for assessing progress in maternal morbidity and 
mortality, which may be slow to respond to changes in intervention coverage and 
difficult to measure precisely. Measuring the unmet need for caesareans – that is, the 
reverse of coverage – is important because these operations can avert a substantial 
burden of adverse maternal and perinatal outcomes, and identifying women with an 
unmet need is necessary for devising interventions to improve access to quality care, 
and ultimately to reduce maternal and perinatal mortality. In this thesis, I focus on sub-
Saharan Africa and South Asia since these two regions account for 85% of maternal 
deaths [91] and 73% of intrapartum-related neonatal deaths [92] worldwide, and 
therefore are likely to have the largest burden of unmet need for caesareans. 
A large literature exists on caesareans in low- and middle-income countries, but there 
is little consensus on how to measure the unmet need for caesareans in these settings. 
The WHO recommendation that at least 5% of all births should be by caesarean is not 
evidence-based, and thus its use as a benchmark for calculating the unmet need is 
uncertain. The percentage of deliveries with surgery for AMIs below 1.4% has been 
suggested as evidence of an unmet need for life-saving surgery, as well as rates below 
100% in one Robson category (transverse and oblique lies), though this indicator has 
not been validated. Population-based caesarean rates below 1% or 2% have likewise 
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not been validated as indicators of unmet need for life-saving surgery; however the 
review of ecological evidence presented in section 1.3.1 revealed that no countries with 
caesarean rates below these thresholds have achieved low maternal mortality. 
Caesarean rates below 1% and 2% are likely to indicate that women are dying because 
of lack of access to caesareans, and therefore suggest an unmet need for life-saving 
surgery. There are no other validated benchmarks for assessing the unmet need in 
other Robson categories, and information on urgency and indication appears not to be 
useful for measuring the unmet need for caesareans.  
In this thesis I will contribute to the debate on the unmet need for caesareans in a 
number of ways. First, I will examine caesarean rates according to household wealth in 
countries of sub-Saharan Africa and South Asia, as well as the proportion of the 
population with caesarean rates below 1% and 2%, in order to describe socio-
economic differentials in caesarean rates and understand the magnitude of unmet 
need for life-saving caesareans in these regions. Second, I will examine the variation in 
obstetricians’ opinions of the optimal caesarean rate, at the population level and for 
specific groups of deliveries, to determine whether obstetricians agree on an optimal 
rate across various groups of women. Third, I will use population-based demographic 
and socio-economic data from Ghana, linked to hospital information on deliveries, to 
validate the UON indicator and to investigate what we can learn about access to care 
and the unmet need for caesareans from hospital data. Specifically, caesarean rates 
among groups with different obstetric complications (including absolute maternal 
indications) have not been compared, for all deliveries or stratified according to 
maternal socio-economic status: these approaches may be useful to determine 
whether the caesarean rate varies based on the predicted level of need for caesareans 
among different complications, and to investigate whether women of low socio-
economic status are less likely to receive a caesarean once they reach a hospital.  
1.7. Thesis objectives 
The overall objective of this PhD is to examine existing and novel methods of 
measuring the unmet need for caesarean sections in sub-Saharan Africa and South 
Asia, in order to determine whether available information can help identify groups with 
an unmet need for caesareans. 
The specific objectives of this thesis are: 
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Objective 1. To examine socio-economic variation in caesarean rates and the 
proportion of the population with caesarean rates below a critical life-saving 
threshold in sub-Saharan Africa and South Asia 
1.1. Examine changes in national caesarean rates over time 
1.2. Describe caesarean rates by wealth quintile  
1.3. Examine the proportion of the population with a caesarean rate below 
1% and below 2% 
 
Objective 2. To describe opinions of the optimal caesarean rate among doctors 
who perform caesarean sections worldwide  
2.1. Determine the extent of variation in opinions of the optimal caesarean 
rate, for all deliveries and among specified categories of deliveries 
2.2. Assess whether reported optimal rates vary according to the national 
caesarean rate in respondents’ country of practice 
 
Objective 3. To examine existing and novel approaches to measuring the unmet 
need for caesarean sections in Ghana 
3.1. Describe the socio-demographic determinants of facility deliveries, 
caesarean sections and pregnancy-related deaths in central Ghana 
3.2. Validate the Unmet Obstetric Need approach for measuring the unmet 
need for obstetric surgery 
3.3. Examine the variation in caesarean rates for different complications, for 
all deliveries and by maternal education 
1.8. Thesis outline 
Chapter 1 has provided the introduction and background to the research questions 
addressed in this thesis. It has examined approaches to measuring the population-
based unmet need for caesareans, and described the available evidence for assessing 
the need for caesareans among subgroups of women. Lastly, I have described the 
usefulness of clinical data on caesareans for assessing the unmet need.  
Because the study design and data sources used to address each objective differ, 
there is no overall methods chapter, and detailed methods for each study are 
presented in individual results chapters (chapters 2-6) in order to avoid repetition.  
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Chapter 2 addresses objective 1 of this thesis, and examines trends in caesarean rates 
by socio-economic status and over time in sub-Saharan Africa and South Asia. This 
chapter consists of an article published in the Bulletin of the WHO in 2013 detailing the 
distribution of caesareans across wealth quintiles, followed by additional analyses on 
caesarean rates according to maternal education. Chapter 2 examines whether socio-
economic stratification of caesarean rates can help identify groups with an unmet need 
for caesareans, using the 1% and 2% benchmarks. 
In Chapter 3, I address objective 2 by presenting findings from a large survey of 
obstetric care providers’ opinions of the optimal caesarean rate. I explore the extent of 
variation in reported optimal rates, at the population level and for individual 
complications, and determine whether this variation is partly explained by the national 
caesarean rate in respondents’ country of practice.  
Objective 3 of this thesis is addressed in chapters 4, 5 and 6. Chapter 4 provides a 
detailed description of the study population and data sources used in these three 
chapters. It further examines risk factors for facility deliveries, caesareans and 
pregnancy-related deaths in the study population. These methods and descriptive 
analyses provide relevant information for interpreting the results presented in chapters 
5 and 6.  
In chapter 5, I validate the Unmet Obstetric Need approach to measuring the unmet 
need for obstetric surgery, by examining whether the percentage of deliveries with 
surgery for or pregnancy-related death from absolute maternal indications consistently 
represents 1.4% across educational groups. Chapter 6 examines the usefulness of 
hospital information on caesareans for measuring the unmet need within facilities, 
including existing approaches to presenting data on indications for caesarean sections. 
I further examine the variation in caesarean rates across obstetric complications, and 
analyse whether indications and hospital-based caesarean rates vary according to 
maternal education.  
The final chapter synthesises the main findings from these studies and presents a 
discussion of the results. I conclude by discussing the policy implications for how to 
measure the unmet need for caesareans and recommendations future research. 
1.9. Ethical approval 
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Ethical approval for this thesis was granted by the London School of Hygiene & 
Tropical Medicine Ethics Committee (ref: 6455, A437, 6429). Additional approval was 
provided by the Ghana Health Service for the secondary analysis of ObaapaVitA data 
(ref: 2012-05). Ethical approval forms can be found in Appendix A: Ethical approval 
letters. 
 51 
 
Chapter 2. Trends in caesarean 
rates over time and by socio-
economic status in sub-Saharan 
Africa and South Asia 
 
Chapter 2 addresses the first objective of this thesis by presenting a descriptive 
analysis of temporal and socio-economic trends in caesarean rates in sub-Saharan 
Africa and South Asia. The main purpose of this analysis is to provide the most recent 
nationally representative estimates of caesarean rates in these two regions, in order to 
assess the extent of unmet need for caesareans among socio-economic subgroups of 
women.  
This chapter begins with the article presenting the main findings from this analysis, 
which was published in the Bulletin of the WHO (December 2013). The paper presents 
caesarean rates over time in the 26 countries included in the analysis, as well as rates 
by relative wealth quintile and urban/rural residence. This is followed by an additional 
analysis on caesarean rates according to maternal education, in order to assess 
whether findings were consistent with caesarean rates across wealth quintiles. 
This article resulted from a collaboration with the Countdown to 2015 Initiative, within 
which I downloaded and prepared the datasets used in the analysis, carried out the 
analyses, as well as was primarily responsible for writing the article. The version of the 
article presented in this chapter was edited to incorporate a longer methods section 
providing more details on the data source used for the analyses (Demographic and 
Health Surveys), as well as an expanded discussion of the strengths and limitations of 
the DHS data. For the sake of legibility, it also includes graphs disaggregated by region 
for all analyses, rather than the single graph of caesarean rates by quintile included in 
the published version of the article.  
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2.1. Published article - Trends in Caesarean delivery by country and wealth 
quintile: analysis of 80 national datasets in southern Asia and sub-
Saharan Africa 
Article reference: Cavallaro FL, Cresswell JA, Franca GV, Victora CG, Barros AJ, 
Ronsmans C. Trends in caesarean delivery by country and wealth quintile: cross-
sectional surveys in southern Asia and sub-Saharan Africa. Bull World Health Organ. 
2013;91(12):914-22d. [93] 
2.1.1. Abstract 
Objective To examine temporal trends in caesarean delivery rates, by country and 
wealth quintile. 
Methods Cross-sectional data were extracted from the results of 80 Demographic and 
Health Surveys conducted in 26 countries in South Asia or sub-Saharan Africa. 
Caesarean delivery rates were evaluated – as percentages of the deliveries that ended 
in live births – for each wealth quintile in each survey. The annual rates recorded for 
each country were then compared to see if they had increased over time. 
Findings Caesarean delivery rates had risen over time in every study country but were 
consistently found to be < 5% in 18 of the countries and ≤ 10% in the other eight 
countries. Among the poorest 20% of the population, caesarean sections accounted for 
< 1% and < 2% of deliveries in 12 and 21 countries of the study countries, respectively. 
In each of 11 countries, the caesarean delivery rate in the poorer 40% of the population 
remained < 1%. In Chad, Ethiopia, Guinea, Madagascar, Mali, Mozambique, Niger and 
Nigeria, the rate remained < 1% in the poorer 80%. Compared with the 22 African study 
countries, the four South Asian study countries experienced a much greater rise in their 
caesarean delivery rates over time. However, the rates recorded among the poorest 
quintile in each of these countries consistently fell below 2%. 
Conclusion The caesarean delivery rates among large sections of the population in 
sub-Saharan Africa are very low, probably because of poor access to such surgery. 
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2.1.2. Introduction 
Caesarean sections, when adequately indicated, can prevent poor obstetric outcomes 
and be life-saving procedures for both the mother and the fetus [8]. However, at a time 
when the caesarean delivery rate – as a percentage of live births – has been rising 
globally [8], there is growing concern about unnecessary caesarean sections [94]. 
Unnecessary caesarean sections can increase the risk of maternal morbidity, neonatal 
death and neonatal admission to an intensive care unit [94]. At the same time, there is 
also concern that – in low-income countries in general and among the poorer sections 
of the populations in such countries in particular – caesarean sections are not always 
accessible, even when they are clearly indicated [6]. 
There is no consensus on the “optimal” rate of caesarean delivery at the population 
level. Although values between 5% and 15% of live births have been suggested, the 
basis on which these thresholds have been proposed is not clear [7]. Some historical 
studies indicate that low maternal mortalities can be achieved when the caesarean 
delivery rate is far below 15% of live births. In the Netherlands, for example, maternal 
mortality had fallen below 20 deaths per 100 000 live births by 1968, when caesarean 
sections were associated with less than 2% of live births [95, 96]. The results of some 
ecological studies indicate not only that no further reductions in mortality occur when 
caesarean delivery rates increase above 10%, but also that rates above 15% may be 
associated with additional mortality [5, 29]. The World Health Organization (WHO) has 
suggested that a caesarean delivery rate of 15% should be taken as a threshold that 
should not be exceeded – rather than a target to be achieved [7].  
The lower threshold for an “acceptable” rate of caesarean delivery has received much 
less attention than the upper threshold. Extremely low rates are indications that access 
to surgical care is poor and that, in consequence, women, fetuses and neonates are 
dying unnecessarily. As 1 to 2% of all births are associated with conditions that 
absolutely require caesarean sections to save the mothers’ lives – such as obstructed 
labour and complete placenta praevia – caesarean delivery rates of less than 1% or 
less than 2% are thought to reflect a real deficit in access to life-saving obstetric care 
and to be associated with excess maternal mortality [48, 97-99]. Rates of at least 5% 
are thought to be necessary to save the greatest numbers of both mothers and 
neonates, although there is little evidence to support such a cut-off [7]. 
National rates of caesarean delivery can mask substantial within-country variation in 
the rates of such surgery. For example, urban rates are consistently found to be higher 
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than rural rates [4] and the rates for the poorest sections of the population often fall well 
below the national mean. In a retrospective analysis of data from Demographic and 
Health Surveys (DHSs) conducted in 42 developing countries, caesarean delivery rates 
were often found to fall below 1% either in the poorest quintile of the population (20 
countries) or in all but the richest quintile (six countries) [6]. Only in five countries 
included in this analysis did the rate of caesarean delivery in the poorest quintile 
exceed 5% of live births [6]. 
With Millennium Development Goals (MDGs) 4 and 5 nearing their target date of 2015, 
it is timely and necessary to assess recent progress in improving access to caesarean 
sections. In this paper we analyse trends in caesarean delivery rates in South Asia and 
sub-Saharan Africa over the past 15 years. We focused on countries in South Asia and 
sub-Saharan Africa because such countries account for 85% of all maternal deaths [91] 
and 73% of all intrapartum neonatal deaths globally [92]. We examined caesarean 
delivery rates over time and by wealth quintile and estimated, for each country, how 
many and which of the five wealth quintiles were experiencing caesarean delivery rates 
below 1%, 2% and 5%. 
2.1.3. Methods 
All of the data that we analysed – retrospectively – came from DHSs, and all of the 
datasets that we used were downloaded from the MEASURE DHS website [100]. The 
DHSs are nationally representative cross-sectional household surveys conducted by 
ICF International in low- and middle-income countries. Most surveys follow a two-stage 
sampling design, where geographical areas (“clusters”) are first selected, and 
households are selected from within these clusters [101]. The DHS use standardised 
questionnaires in order to enable comparisons between countries and over time. The 
core questionnaire is administered to all women aged 15-49 who usually live in the 
household and guests who stayed in the household the previous night. The interview 
includes questions on the respondent’s background and reproductive history, including 
a detailed birth history of all children born alive; extensive information is collected on 
children born within the five years preceding the interview, including data on delivery 
care [102].  
A question on mode of delivery was first introduced in the Phase 2 model DHS 
questionnaire, asking for each birth in the preceding five years “Was [NAME] delivered 
by caesarian section?” [103]. Several modifications to the question have been made to 
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minimise misreporting. The Phase 4 questionnaire introduced a skip pattern in 2001 so 
that this question would not be asked to women who reported delivering in their home 
or at an “other” location [104]. The question was amended in the Phase 6 questionnaire 
in 2011 to “Was [NAME] delivered by caesarean, that is, did they cut your belly open to 
take the baby out?” [105]. Multiple Indicator Cluster Surveys (MICS) were not used in 
this analysis since data on mode of delivery were not collected until MICS 4 (2009-
2011), and no countries had more than one survey with available data on caesareans 
at the time this analysis was conducted. 
The DHS also collect a wide range of socio-economic data. In this analysis, we 
stratified caesarean rates according to household wealth quintile since several reviews 
have found that it is consistently associated with the use of delivery care in low- and 
middle-income countries [106-108]. Household wealth quintile is calculated on the 
basis of ownership of household assets including car ownership, livestock, water 
source, and dwelling characteristics (such as floor and wall materials). Principal 
components analysis is used to calculate a weight for each asset. Individual asset 
scores are then calculated on the basis of these weights, and summed to obtain the 
total wealth index for each household. Households are ordered according to their 
wealth index, and grouped into five quintiles of equal size. Full details of the method for 
calculating household wealth indices are given in the DHS report [109]. Maternal 
educational attainment is also collected in the DHS, defined as the highest grade 
completed, was categorised into five groups: no education, incomplete primary, 
complete primary, incomplete secondary, and complete secondary or higher. 
The data that we used came from the countries in South Asia or sub-Saharan Africa 
that were included in the “Countdown to 2015” initiative [110], although only data from 
the 26 countries where there had been at least two DHSs were analysed. The 
countries that we investigated were categorized into three regions – eastern and 
southern Africa, South Asia, and western and central Africa – according to the 
classification of the United Nations Children’s Fund [111]. We merged all available 
surveys for each country and pooled the data for all deliveries associated with a live 
birth in the 5 years preceding each survey whenever possible. In a few surveys, data 
on deliveries were only collected for the 3 or 4 years preceding the survey. We 
investigated the mode of delivery for each singleton birth and for the neonate who was 
born last in each multiple birth. 
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Deliveries that had been recorded as caesareans even though they had occurred in 
locations where caesarean sections were implausible – such as homes, dispensaries 
and health posts – were recoded as vaginal deliveries [112]. The data on deliveries in 
higher-level facilities were excluded if information on mode of delivery was missing. 
However, the proportion of deliveries included in a survey that had missing information 
on mode of delivery never exceeded 3.3% – recorded in a survey in the United 
Republic of Tanzania in 1996 – and generally fell below 1%. The response rate in each 
of the surveys that we investigated was at least 90%. 
We used three types of analysis. All analyses took account of sampling weights, in 
addition to clustering and stratification where appropriate. First, we calculated 
caesarean delivery rates by country and survey year. These rates were calculated as 
percentages of the deliveries that ended in live births – excluding, in multiple births, the 
deliveries of all but the last born neonates. We tested for time trends in these rates by 
using a binomial log–linear regression model [113] to calculate annual rates of increase 
– as crude risk ratios (RRs) per year. Since caesarean sections are no longer a rare 
outcome in several of the countries that we investigated, odds ratios obtained with 
logistic regression would have overestimated the RRs. For each study country, annual 
rates of increase in caesarean deliveries were calculated for all the women and for the 
women who fell in the two lowest wealth quintiles combined – that is, for the poorest 
40% of the women in the country. We also calculated caesarean delivery rates by 
wealth quintile and survey year within each country. 
Finally, we categorized each delivery according to whether the mother lived in a rural or 
urban area and whether her household’s wealth index fell above the national median 
value – indicating that the mother was “richer” – or below it – indicating that the woman 
was “poorer”. This allowed us to evaluate caesarean delivery rates separately for 
relatively poor and wealthy urban women and relatively poor and wealthy rural women. 
All of the data analyses were performed using Stata SE version 12 (StataCorp LP, 
College Station, United States of America). 
2.1.4. Results 
Data were available for 80 surveys, which had been conducted in four countries in 
South Asia, 11 countries in western and central Africa and 11 countries in eastern and 
southern Africa. The median number of surveys per country was three, with a range of 
two to four. In the surveys, data on births in the previous 5 years (n = 68), 4 years 
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(n = 1) or 3 years (n = 11) had been collected. The total sample consisted of 686 789 
deliveries – each of which had ended in a live birth – that had occurred between 1985 
and 2011. 
Table 2.1 and Figure 2.1 present the caesarean delivery rates recorded in the 3 to 
5 years preceding each survey, by country and survey year, and the corresponding 
annual rates of increase. Statistically significant increases in caesarean delivery rates – 
varying from 2 to 19% per year – were observed in seven of the 11 study countries in 
western and central Africa, nine of the 11 study countries in eastern and southern 
Africa and all four of the study countries in South Asia. However, only 12 of the study 
countries – three in western and central Africa, five in eastern and southern Africa and 
the four in South Asia – showed evidence of an increase in caesarean delivery rates 
among the two lowest wealth quintiles. The crude RRs for the annual rates of increase 
in these 12 countries varied from 1.03 in Madagascar to 1.30 in Bangladesh. We were 
not able to calculate an annual rate of increase for the poorest 40% in Chad because 
caesarean deliveries had only been reported in one year in the surveys from Chad that 
we investigated. 
Caesarean delivery rates were found to be very low in the sub-Saharan African study 
countries. In the most recent survey for each country, for example, 10 of the study 
countries in sub-Saharan Africa had national rates of less than 2% and only five 
countries – Ghana, Kenya, Lesotho, Rwanda and Uganda – had national rates of more 
than 5%. The corresponding rates recorded in the most recent survey in each of three 
of the study countries in South Asia were much higher. Nepal was the only South Asian 
study country in which the most recently recorded, national, caesarean delivery rate 
was less than 5%. 
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Figure 2.1 Caesarean rates by country and DHS survey year in Eastern & Southern Africa 
 
 
]
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Table 2.1 Caesarean delivery rates and mean annual increases in such rates, by country and survey year, South Asia and sub-Saharan Africa 
Country Survey period Annual increaseb (95% CI) among: 
 Before 1997 1997–2001 2002–2006 2007–2011 All women 
Women in poorest two 
quintiles  Year Ratea (%) Year Ratea (%) Year Ratea (%) Year Ratea (%) 
South Asia           
Bangladesh – – 2000 2.37 2004 3.38 2007 7.52 1.19 (1.16–1.22) 1.30 (1.19–1.42) 
India 1992 2.40 1999 6.82 2006 8.37 - - 1.09 (1.08–1.10) 1.09 (1.07–1.11) 
Nepal 1996 0.83 2001 0.82 2006 2.63 2011 4.59 1.15 (1.12–1.17) 1.13 (1.05–1.21) 
Pakistan 1991 2.30 – – 2006 7.15 – – 1.08 (1.06–1.10) 1.11 (1.05–1.17) 
West and Central Africa          
Benin 1996 1.94 2001 3.20 2006 3.43 – – 1.05 (1.03–1.07) 1.03 (0.99–1.08) 
Burkina Faso 1993 1.08 1999 1.06 2003 0.64 2010 1.81 1.04 (1.02–1.06) 1.03 (0.98–1.09) 
Cameroon 1991 1.87 1998 2.17 2004 1.94 – – 1.00 (0.97–1.03) 0.94 (0.87–1.01) 
Chad – – 1997 0.38 2004 0.44 – – 0.99 (0.91–1.06) –c 
Côte d’Ivoire 1994 0.42 1999 1.91 2005 4.66 – – 1.18 (1.12–1.23) 1.17 (1.09–1.26) 
Ghana 1993 3.79 1998 3.69 2003 3.69 2008 6.46 1.04 (1.02–1.06) 1.06 (1.01–1.10) 
Guinea – – 1999 1.50 2005 1.66 – – 1.01 (0.96–1.06) 0.97 (0.84–1.09) 
Mali 1996 0.30 2001 0.90 2006 0.91 – – 1.07 (1.03–1.11) 1.08 (0.99–1.17) 
Niger – – 1998 0.50 2006 0.97 – – 1.07 (1.02–1.12) 1.11 (0.95–1.27) 
Nigeria 1990 1.85 – – 2003 1.66 2008 1.73 1.00 (0.98–1.01) 0.94 (0.91–0.97) 
Senegal – – – – 2005 2.87 2011 4.75 1.05 (1.01–1.09) 1.11 (1.04–1.17) 
Eastern and Southern Africa         
Ethiopia – – 2000 0.63 2005 0.97 2011 1.44 1.08 (1.05–1.11) 1.10 (0.99–1.21) 
Kenya 1993 4.31 1998 5.40 2003 3.93 2009 5.81 1.02 (1.00–1.03) 1.00 (0.97–1.03) 
Lesotho – – – – 2004 5.05 2009 6.54 1.06 (1.02–1.10) 1.02 (0.95–1.09) 
Madagascar – – 1997 0.47 2004 1.01 2009 1.42 1.07 (1.03–1.12) 1.02 (0.91–1.13) 
Malawi 1992 3.14 2000 2.71 2004 2.95 2010 4.53 1.03 (1.02–1.05) 1.03 (1.01–1.05) 
Mozambique – – 1997 1.96 2003 1.83 – – 1.00 (0.93–1.07) 0.85 (0.62–1.09) 
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Country Survey period Annual increaseb (95% CI) among: 
 Before 1997 1997–2001 2002–2006 2007–2011 All women 
Women in poorest two 
quintiles  Year Ratea (%) Year Ratea (%) Year Ratea (%) Year Ratea (%) 
Rwanda 1992 1.39 2000 2.09 2005 2.94 2010 6.94 1.11 (1.10–1.13) 1.12 (1.10–1.15) 
Uganda 1995 2.11 2000 2.52 2006 3.02 2011 5.22 1.06 (1.05–1.08) 1.06 (1.03–1.09) 
United Republic of 
Tanzania 
1996 2.14 1999 2.83 2004 3.10 2010 4.25 1.05 (1.03–1.07) 1.05 (1.01–1.08) 
Zambia 1996 1.73 – – 2002 1.97 2007 2.82 1.04 (1.02–1.07) 1.07 (1.01–1.12) 
Zimbabwe 1994 5.55 1999 6.79 2005 4.70 2010 4.44 0.98 (0.97–0.99) 0.95 (0.92–0.98) 
a Caesarean delivery rates are expressed as percentages of the deliveries that ended in a live birth, excluding all but the last-born of the neonates delivered in each 
multiple birth. These rates take into account sampling weights. 
b 95% confidence intervals are shown in parentheses. They take into account sampling clusters, strata and sampling weights. 
c In the Demographic and Health Surveys that have been conducted in Chad, only two caesarean deliveries have ever been recorded among women in the lowest 
two percentiles for wealth, both of them in 1992. 
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Table 2.2 and Figure 2.2 present the caesarean delivery rates stratified by wealth 
quintile and survey. The rates were extremely low among the poorest quintile in every 
survey. In the most recent survey for each country, for example, the caesarean delivery 
rates among the poorest quintile were less than 1% in 12 of the study countries – all in 
sub-Saharan Africa – and they were less than 2% in all of the study countries except 
Lesotho, Malawi, Rwanda, Uganda and Zimbabwe. Caesarean delivery rates among 
the richest quintile were much higher in all of the study countries but exceeded 15% 
only in Bangladesh, India and Pakistan.  
In the most recent survey for each of 17 of the study countries, caesarean delivery 
rates increased monotonically from the lowest quintile for wealth to the highest (Table 
2.2). In the other nine study countries, the between-quintile variation in the rates was 
very small. In 10 of the study countries in sub-Saharan Africa – seven in western and 
central Africa and three in eastern and southern Africa – caesarean delivery rates of 
less than 1% had been recorded among the poorer 40% or 60% of women. In eight of 
these countries – Chad, Ethiopia, Guinea, Madagascar, Mali, Mozambique, Niger and 
Nigeria – the poorer 80% of women had caesarean delivery rates of less than 1%. The 
poorest quintile in three of the study countries in South Asia had caesarean delivery 
rates of more than 1%. In Nepal, however, the corresponding rate for the two lowest 
quintiles for wealth combined was less than 1%. In seven of the eight study countries 
that had national rates above 5%, the overall rate for the three lowest wealth quintiles 
combined was less than 5%. 
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Figure 2.2 Caesarean rates by wealth quintile and DHS survey year in Eastern & Southern 
Africa 
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Table 2.2 Caesarean delivery rates by wealth quintile and survey year, South Asia and 
sub-Saharan Africa 
Country 
and 
wealth 
quintilea 
Caesarean delivery 
rateb (%) in: 
Cumul- 
ative 
ratec (%) 
Quintiles with 
cumulative rate of:d 
1990–
1996 
1997–
2001 
2002–
2006 
2007–
2011 
< 1% < 2% < 5% 
South Asia        
Bangladesh     None 1-2 1–4 
1 – 0.26 0.08 1.75 1.75    
2 – 0.46 0.84 1.87 1.81    
3 – 0.58 1.58 3.34 2.28    
4 – 2.13 3.17 8.52 3.71    
5 – 11.31 14.23 25.69 7.52    
India      None 1 1–3 
1 0.44 1.97 1.51 – 1.51    
2 0.79 2.43 3.43 – 2.41    
3 1.69 4.67 6.84 – 3.70    
4 2.70 9.57 12.30 – 5.51    
5 8.16 20.18 25.54 – 8.37    
Nepal      1-2 1-2 1–5 
1 0.00 0.16 0.80 0.98 0.98    
2 0.42 0.27 0.54 0.85 0.92    
3 0.76 0.17 0.86 4.61 2.05    
4 1.07 1.07 1.97 7.09 3.07    
5 2.72 3.56 11.81 14.04 4.59    
Pakistan      None 1-2 1–4 
1 0.00 – 1.75 – 1.75    
2 0.84 – 2.15 – 1.94    
3 0.63 – 4.96 – 2.87    
4 1.79 – 10.75 – 4.58    
5 8.43 – 19.61 – 7.15    
West and Central Africa       
Benin      None 1–3 1–5 
1 0.66 1.65 1.28 – 1.28    
2 1.18 2.14 2.21 – 1.72    
3 0.86 1.25 1.85 – 1.76    
4 3.85 2.58 3.70 – 2.23    
5 4.37 10.82 9.59 – 3.43    
Burkina Faso     1–3 1–5 1–5 
1 0.28 0.61 0.20 0.74 0.74    
2 0.28 1.63 0.43 0.95 0.85    
3 0.81 0.96 0.21 0.90 0.86    
4 0.54 0.55 0.70 2.07 1.16    
5 4.10 1.71 2.23 5.51 1.81    
Cameroo
n 
     1–3 1–5 1–5 
1 1.03 0.34 0.52 – 0.52    
2 1.36 1.28 0.65 – 0.58    
3 1.32 2.91 1.60 – 0.89    
4 2.18 2.91 3.46 – 1.44    
5 3.36 4.52 4.72 – 1.94    
Chad      1–5 1–5 1–5 
1 – 0.00 0.00 – 0.00    
2 – 0.13 0.00 – 0.00    
3 – 0.31 0.56 – 0.19    
4 – 0.64 0.29 – 0.22    
5 – 0.92 1.44 – 0.44    
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Country 
and 
wealth 
quintilea 
Caesarean delivery 
rateb (%) in: 
Cumul- 
ative 
ratec (%) 
Quintiles with 
cumulative rate of:d 
1990–
1996 
1997–
2001 
2002–
2006 
2007–
2011 
< 1% < 2% < 5% 
Côte d’Ivoire     1 1-2 1–5 
1 0.00 0.59 0.66 – 0.66    
2 0.12 0.87 2.39 – 1.55    
3 0.12 1.01 3.83 – 2.24    
4 0.43 3.00 8.54 – 3.79    
5 1.92 5.66 9.47 – 4.66    
Ghana      None 1 1–3 
1 2.12 1.00 1.53 1.24 1.24    
2 0.21 1.57 1.61 4.64 2.82    
3 2.23 3.20 1.96 7.77 4.22    
4 4.42 4.32 3.88 8.22 5.12    
5 11.80 12.40 12.58 14.57 6.46    
Guinea      1–4 1–5 1–5 
1 – 0.40 0.33 – 0.33    
2 – 0.31 0.38 – 0.35    
3 – 0.75 1.15 – 0.60    
4 – 2.04 1.82 – 0.86    
5 – 5.10 6.29 – 1.66    
Mali      1–5 1–5 1–5 
1 0.08 0.39 0.35 – 0.35    
2 0.00 0.36 0.32 – 0.33    
3 0.00 0.61 0.31 – 0.33    
4 0.48 0.98 1.04 – 0.50    
5 1.06 2.46 2.83 – 0.91    
Niger      1–5 1–5 1–5 
1 – 0.13 0.14 – 0.14    
2 – 0.14 0.56 – 0.34    
3 – 0.27 0.34 – 0.34    
4 – 0.68 0.32 – 0.34    
5 – 1.52 3.84 – 0.97    
Nigeria      1–4 1–5 1–5 
1 1.07 – 0.55 0.25 0.25    
2 0.76 – 0.68 0.40 0.32    
3 3.78 – 0.68 0.84 0.47    
4 1.62 – 1.48 2.43 0.89    
5 2.73 – 5.87 5.85 1.73    
Senegal      None 1-2 1–5 
1 – – 0.58 1.20 1.20    
2 – – 1.02 1.71 1.45    
3 – – 1.46 3.68 2.11    
4 – – 6.34 6.25 3.07    
5 – – 6.77 13.56 4.75    
Eastern and Southern Africa       
Ethiopia      1–4 1–5 1–5 
1 – 0.06 0.03 0.13 0.13    
2 – 0.08 0.28 0.44 0.28    
3 – 0.13 0.15 0.64 0.40    
4 – 0.15 0.43 0.49 0.42    
5 – 3.42 5.28 7.21 1.44    
Kenya      None 1 1–4 
1 1.52 2.07 1.21 1.59 1.59    
2 3.21 2.80 2.92 2.98 2.22    
3 3.62 4.90 2.42 5.69 3.22    
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Country 
and 
wealth 
quintilea 
Caesarean delivery 
rateb (%) in: 
Cumul- 
ative 
ratec (%) 
Quintiles with 
cumulative rate of:d 
1990–
1996 
1997–
2001 
2002–
2006 
2007–
2011 
< 1% < 2% < 5% 
4 5.41 7.59 3.11 6.70 3.98    
5 9.07 11.75 10.94 13.74 5.81    
Lesotho      None None 1–4 
1 – – 2.51 2.50 2.50    
2 – – 3.94 3.83 3.12    
3 – – 4.74 5.75 3.92    
4 – – 5.87 7.07 4.73    
5 – – 9.04 14.97 6.54    
Madagascar     1–4 1–5 1–5 
1 – 0.35 0.14 0.17 0.17    
2 – 0.00 0.32 0.53 0.34    
3 – 0.67 0.61 0.59 0.41    
4 – 0.54 2.76 1.20 0.57    
5 – 1.09 2.22 6.61 1.42    
Malawi      None None 1–5 
1 1.66 2.23 3.04 2.93 2.93    
2 2.20 2.09 2.35 3.45 3.19    
3 3.03 2.16 2.16 3.92 3.43    
4 3.05 2.32 3.23 4.53 3.68    
5 6.16 5.22 4.50 8.93 4.53    
Mozambique     1–4 1–5 1–5 
1 – 0.41 0.28 – 0.28    
2 – 0.81 0.23 – 0.26    
3 – 1.27 0.59 – 0.37    
4 – 2.82 2.15 – 0.72    
5 – 4.98 7.73 – 1.83    
Rwanda      None None 1-2 
1 1.32 1.01 1.27 4.80 4.80    
2 0.60 1.30 2.13 5.08 4.93    
3 1.01 1.24 1.70 6.78 5.50    
4 1.50 1.80 2.48 5.61 5.53    
5 2.72 5.59 7.84 13.99 6.94    
Uganda      None None 1–4 
1 0.68 1.22 1.41 2.19 2.19    
2 0.83 2.27 1.76 3.21 2.69    
3 1.21 1.63 2.94 3.91 3.07    
4 2.26 1.71 2.89 5.79 3.66    
5 6.08 6.80 7.27 12.14 5.22    
United Republic of Tanzania    None 1-2 1–5 
1 0.97 0.80 0.99 1.64 1.64    
2 1.38 1.28 2.06 2.28 1.98    
3 2.14 2.21 2.88 3.24 2.40    
4 1.46 4.07 2.87 5.57 3.09    
5 5.29 6.88 8.19 11.30 4.25    
Zambia      None 1–4 1–5 
1 0.24 – 0.53 1.20 1.20    
2 1.01 – 1.01 1.22 1.21    
3 1.10 – 1.18 1.37 1.26    
4 2.82 – 2.86 4.53 1.99    
5 3.89 – 5.63 8.12 2.82    
Zimbabwe     None None 1–5 
1 4.24 4.54 1.87 2.46 2.46    
2 5.98 5.63 2.94 2.57 2.51    
3 5.31 5.35 3.80 3.30 2.75    
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Country 
and 
wealth 
quintilea 
Caesarean delivery 
rateb (%) in: 
Cumul- 
ative 
ratec (%) 
Quintiles with 
cumulative rate of:d 
1990–
1996 
1997–
2001 
2002–
2006 
2007–
2011 
< 1% < 2% < 5% 
4 5.34 7.85 6.47 6.15 3.61    
5 7.39 10.52 10.08 8.95 4.44    
a The wealth quintile to which each surveyed household belonged was categorized as 1, 2, 3, 4 or 5. 
Quintile 1 comprised the poorest 20% of households and Quintile 5 comprised the richest 20%. 
b Caesarean delivery rates are expressed as percentages of deliveries that ended in a live birth, excluding 
all but the last-born of the neonates delivered in each multiple birth. They take into account sampling 
weights. 
c The caesarean delivery rate – in this and any poorer quintiles – in the most recent survey included in the 
analysis. 
d Values from the most recent survey included in the analysis. 
 
In the most recent surveys, caesarean delivery rates were highest among the “urban 
richer” in all 26 study countries and lowest among the “rural poorer” in 18 of the study 
countries (Table 2.3 and Figure 2.3). In all four study countries in South Asia, the 
caesarean delivery rate was higher among the “rural richer” than among the “urban 
poorer”; the absolute difference ranged from 2.6% in Nepal (95% CI: −2.0 to 7.2) to 
10.2% in Bangladesh (95% CI: 7.7 to 12.7). Of the study countries in sub-Saharan 
Africa, however, only Ghana and Kenya had markedly higher caesarean delivery rates 
in the “rural richer” than in the “urban poorer” – with absolute differences of 5.0% (95% 
CI: −0.3 to 10.3) and 6.7% (95% CI: 3.0 to 10.4), respectively. In six western African 
and two eastern African countries, the rural women – whether “richer” or “poorer” – had 
caesarean delivery rates of less than 2%. 
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Figure 2.3 Caesarean rates by residence and wealth in South Asia and sub-Saharan 
Africa (most recent survey) 
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Table 2.3 Caesarean delivery rates among richer and poorer women in urban and rural 
areas, South Asia and sub-Saharan Africa 
Country 
Caesarean ratea 
Absolute differenceb 
(95% CI) Rural 
poorer 
Rural 
richer 
Urban 
poorer 
Urban 
richer 
South Asia        
Bangladesh 2.29 11.52 1.32 20.37 10.19 (7.73 to 12.65) 
India 3.59 15.23 5.99 21.75 9.25 (7.44 to 11.05) 
Nepal 1.51 7.03 4.40 17.24 2.63 (–1.97 to 7.23) 
Pakistan 2.00 10.50 1.65 14.97 8.85 (6.53 to 11.18) 
West and Central Africa       
Benin 1.76 3.00 1.78 7.23 1.22 (0.26 to 2.19) 
Burkina Faso 0.76 1.48 3.23 6.11 –1.75 
(–3.35 to –
0.16) 
Cameroon 0.51 1.79 1.75 4.11 0.04 (–1.46 to 1.53) 
Chad 0.18 0.33 0.00 1.53 0.33 (–0.19 to 0.84) 
Côte d’Ivoire 1.39 7.17 4.04 7.30 3.13 
(–9.19 to 
15.44) 
Ghana 3.22 9.50 4.49 10.80 5.01 
(–0.27 to 
10.30) 
Guinea 0.38 1.77 0.71 4.76 1.06 (–0.71 to 2.83) 
Mali 0.27 0.69 1.41 2.39 –0.72 (–2.23 to 0.79) 
Niger 0.34 0.37 1.93 4.60 –1.57 (–5.66 to 2.53) 
Nigeria 0.35 2.49 0.67 4.05 1.82 (0.99 to 2.66) 
Senegal 1.37 2.89 2.62 9.77 0.28 (–2.15 to 2.70) 
Eastern and Southern Africa     
Ethiopia 0.39 0.63 1.17 8.38 –0.54 (–2.20 to 1.12) 
Kenya 3.21 9.41 2.69 11.16 6.72 (3.02 to 10.43) 
Lesotho 3.35 7.71 8.23 11.50 –0.52 
(–12.36 to 
11.32) 
Madagascar 0.32 2.08 1.62 5.89 0.46 (–1.87 to 2.80) 
Malawi 3.23 4.96 2.94 8.44 2.02 (–1.31 to 5.34) 
Mozambique 0.32 1.14 0.94 5.99 0.20 (–1.10 to 1.51) 
Rwanda 5.01 6.70 7.51 17.53 –0.81 (–5.72 to 4.09) 
Uganda 2.76 5.91 7.55 13.96 –1.63 (–8.02 to 4.76) 
United 
Republic of 
Tanzania 
2.30 4.55 0.95 9.96 3.60 (1.70 to 5.51) 
Zambia 1.22 3.25 0.00 5.90 3.25 (1.79 to 4.70) 
Zimbabwe 2.88 3.68 2.67 8.19 1.01 (–2.72 to 4.74) 
a Caesarean delivery rates are expressed as percentages of deliveries that ended in a live birth, excluding 
all but the last-born of the neonates delivered in each multiple birth. They take into account sampling 
weights; confidence intervals additionally take into account clustering and stratification. The data presented 
come from the most recently published Demographic and Health Survey in each country. Women who 
lived in households that had wealth indices that fell above the national median value were considered to 
be “richer” whereas other women were categorized as “poorer”. 
b The caesarean delivery rate for the rural richer minus the corresponding rate for the urban poorer. 
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2.1.5. Discussion 
Although caesarean delivery rates have been rising in almost all of the countries that 
we investigated in South Asia and sub-Saharan Africa, they remain astonishingly low. 
In our analysis, 18 countries still had national rates of less than 5% recorded in their 
most recent surveys, and none of the study countries had a national rate above 10%. 
Caesarean sections were extremely rare among the poor: they were below 1% for the 
poorest 20% of the population in each of 12 countries, the poorest 40% in 11 countries 
and the poorest 80% in eight countries. They fell below 2% for the poorest 20% in each 
of 21 countries. Over the study period, the study countries in South Asia experienced a 
much greater rise in caesarean delivery rates than the countries that we investigated in 
sub-Saharan Africa. Nevertheless, in the most recent surveys that we included in our 
analysis, the rates among the poorest 20% of the populations remained below 2% in all 
four of the South Asian study countries. 
The low rates of caesarean delivery in sub-Saharan Africa are presumably a reflection 
of very low levels of access to caesarean sections, which are themselves associated 
with extremely poor access to emergency surgical care in general [114, 115]. A recent 
study in Ghana, Kenya, Rwanda, Uganda and the United Republic of Tanzania – five 
countries included in our study – revealed massive gaps in the infrastructure for 
emergency surgical care [116]. Fewer than 50% of the hospitals surveyed had 
dependable running water and electricity, and only 19–50% of the hospitals provided 
24-hour emergency care [116]. Countries in sub-Saharan Africa generally have few 
skilled workers able to perform surgery – including caesarean sections – and most of 
their qualified doctors live in urban areas [115-117]. In the present study, caesarean 
delivery rates were extremely low among both the richer and poorer women who lived 
in rural areas, where structural and workforce constraints may be the most important 
barriers to access. 
A household’s ability to pay for the surgery is thought to be an important determinant of 
caesarean deliveries [118, 119]. The cost of emergency caesarean sections can be 
catastrophic for households [118, 119]. Although user fee exemptions have been one 
of the key strategies to increase access to delivery care in sub-Saharan Africa 
[120], their impact on caesarean delivery rates has yet to be rigorously evaluated. 
While such fee exemptions may have contributed to the rises seen in caesarean 
delivery rates in countries such as Ghana and Senegal [121, 122], such rises cannot be 
categorically attributed to the exemptions. Furthermore, a household’s ability to pay for 
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surgery may not be the main barrier to caesarean sections in settings where the 
necessary health facilities are sparsely distributed [123].  
The rapid rises seen in caesarean delivery rates in South Asia over our study period 
are somewhat surprising, given that most births in this region still take place at home. 
In the latest DHSs for Bangladesh, India, Nepal and Pakistan, for example, only 15%, 
39%, 37% and 35% of the recorded deliveries occurred in a health facility, respectively 
(data not shown). However, many of these deliveries probably took place in private 
hospitals [123], where obstetricians and general practitioners are available to lead 
delivery care and the incentives to perform caesarean sections may be relatively 
greater [124]. This may explain why such large proportions of the women who delivered 
in health facilities in Bangladesh, India, Nepal and Pakistan – 51%, 22%, 12% and 
20%, respectively – had caesarean sections (data not shown). In the present analysis, 
caesarean delivery rates in the richest quintile were found to be more than 15% in 
Bangladesh, India and Pakistan, and the rates among the “rural richer” in all four study 
countries in South Asia were found to be substantially higher than those among the 
“urban poorer”. 
In every country that we investigated, caesarean delivery rates among the women in 
the richest quintile were much higher than the rates seen in the poorest quintile. This 
difference was particularly noticeable in Bangladesh, India and Pakistan, where the 
poorest quintile probably receives fewer caesarean sections than are indicated, while 
the richest quintile receives too many – increasing maternal and neonatal morbidity 
[125]. In general – as postulated by the “inverse equity hypothesis” – the wealthy are 
more likely to adopt new medical interventions than the poor, often leading to increased 
health inequalities – at least in the short term [126]. In South Asia, however, the richest 
mothers appear to be receiving more caesarean sections than are warranted, with 
potentially adverse effects. 
Our analysis has several limitations. First, we only had data for 26 of the 48 countries 
in sub-Saharan Africa and South Asia that were included in the “Countdown to 2015” 
initiative [110]. Second, the dates of the most recently published survey varied 
substantially between countries, and some countries may have made more progress 
since their most recent survey. The last available survey data for seven of the 11 study 
countries in western and central Africa were collected before 2007. Third, the 
caesarean delivery rates estimated in household surveys – generally from the 
statements of women of reproductive age – tend to be higher than the rates estimated 
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from the records of the corresponding health facilities where caesarean deliveries may 
be performed [112]. However, the facility-derived estimates tend to fall within the 95% 
CIs of the corresponding household survey estimates [112], and there is no strong 
rationale to consider the facility-based estimates more valid than those obtained from 
population-based surveys. Validation studies have shown very high sensitivity and 
specificity (above 99.7%) of maternal self-report in both low- and high-income settings 
[127, 128], and the DHS provide representative data on caesareans for nearly 90% of 
births in low- and middle-income countries [129], indicating that they are a strong and 
valid data source for caesarean rates (particularly after the introduction of data quality 
checks in the phase 4 and phase 6 questionnaires).  
Fourth, the wealth index used in the DHSs has several inherent biases that require 
careful scrutiny. The type of household assets investigated varies between the surveys, 
and the wealth index – which represents a household’s wealth relative to other 
households in one particular country at the time of the survey – should not be used to 
compare absolute levels of wealth between surveys. Other shortcomings of wealth 
indices have been described in detail in the literature. In brief, monetary measures of 
wealth (income and consumption) tend to be difficult to estimate in low- and middle-
income country settings, and hence asset-based approaches to measuring wealth were 
introduced [130]. However, wealth indices have been shown to be a poor proxy for 
consumption expenditure, and it is unclear what underlying concept is measured by a 
wealth index [131]. In addition, the association between household wealth and 
residence in an urban or rural area may be complex [132]. Although those who live in 
urban areas are typically richer than their rural counterparts (as evidenced by the large-
scale migration to cities over the last century), the intrinsic meaning of the underlying 
wealth associated with many assets differs according to the area, and the wealth index 
may be biased towards urban residents – particularly before the DHS included rural 
assets such as livestock in the calculation of the wealth index [132]. These limitations 
imply that the true relationship between wealth and caesarean rates reported in this 
study may be biased; however, though this indicates that it is difficult to understand 
how women in various wealth quintiles differ from one another, they do not invalidate 
the magnitude of differences in caesarean rates or of the unmet need in the study 
countries.   
We used national wealth indices – rather than urban- and rural-specific wealth indices 
– to enable direct comparisons between the richer and poorer halves of the populations 
in rural and urban areas. We were unable to analyse caesarean delivery rates 
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according to wealth quintiles separately for urban and rural residents because the 
sample was too small, particularly in terms of the number of women from “urban 
poorer” households. Fifth, some women may have contributed more than one birth to 
the sample. However, restricting the analysis to only one birth per woman did not alter 
our findings (data not shown). Lastly, when computing annual rates of increase, we 
assumed that caesarean delivery rates increased in log–linear fashion. Our 
conclusions were, however, unaltered when RRs for the increases were calculated by 
comparing one survey to the next (data not shown). 
Programmes to reduce maternal and neonatal mortality should have clear indicators to 
identify need, monitor implementation and change the course of action, as required 
[7]. There has been a reluctance to include caesarean delivery rates as a core indicator 
for the monitoring of safe motherhood programmes, partly because the thresholds for 
“acceptable” or target rates are so uncertain, and partly because such an indicator may 
be perceived as promoting the unnecessary medicalization of obstetric care. However, 
this reluctance is unjustified, particularly when very low thresholds are set for the 
minimum rate. While caesarean delivery rates cannot be a substitute for the 
measurement of levels of maternal mortality, caesarean rates among the poor should 
be a key indicator for measuring progress towards achieving MDG 5 [133]. In the post-
2015 health agenda – where the focus is shifting towards measuring the coverage for 
essential interventions – rates of caesarean delivery among the poor will be critical 
indicators of access to emergency obstetric care. In addition, as general childhood 
mortality is reduced, neonatal deaths become relatively more important and access to 
caesarean sections – when indicated to save the fetus – increases in relative 
importance as well. Although estimates of the caesarean delivery rate required for 
indications related to the fetus are imprecise [29], this rate is unlikely to be less than 5% 
of all births. 
Despite the encouraging progress made in increasing national rates of caesarean 
delivery, large sections of the population in sub-Saharan Africa still lack access to life-
saving caesarean sections, and women and children – particularly poor women and 
their children – are dying as a consequence. Improvements in access to caesarean 
sections will require massive investments in health system strengthening, particularly in 
terms of addressing shortages in the health workforce and the infrastructure gaps in 
rural hospitals [134]. The human resource challenge could be partly addressed by 
allowing clinical officers to perform caesarean deliveries [135], although the 
sustainability of this strategy when implemented on a large scale remains uncertain. 
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However, as long as hospitals lack the core infrastructure to perform surgery safely – 
including access to water and electricity – one cannot begin to address the emergency 
obstetric needs of pregnant women in sub-Saharan Africa. 
 
2.1.6. Acknowledgments  
We thank the Pelotas Equity Center for help in preparing the datasets and the 
Department of Infectious Disease Epidemiology at the London School of Hygiene & 
Tropical Medicine for input on the statistical analyses. 
2.1.7. Funding 
This study was funded by the Bill & Melinda Gates Foundation, The World Bank and 
the Governments of Australia, Brazil, Canada, Norway, Sweden and the United 
Kingdom of Great Britain and Northern Ireland. FC was funded by a PhD studentship 
from the United Kingdom’s Economic and Social Research Council, via grant 
ES/I903224/1. 
    
76 
 
2.2.  Trends in caesarean rates by maternal education 
There are concerns with potential misclassification of wealth at the national level based 
on asset indices [130], and the analysis of caesarean rates was repeated stratified 
according to maternal education, in order to assess whether the observed patterns are 
consistent to those observed across wealth quintiles. Caesarean rates for each 
educational level are presented for each country and survey in Appendix B: 
Caesarean rates according to maternal education. Caesarean rates in all countries 
were very low among women with no education (below 1% in 12 of the 26 study 
countries, and below 2% in 17 countries), and they were over 10% among women who 
had completed secondary school in all but five countries. Trends in caesarean rates 
according to education were therefore consistent with those observed across wealth 
quintiles, suggesting that the analysis by wealth is appropriate at the national level. 
2.3.  Conclusion 
Caesarean rates have been increasing in most countries in sub-Saharan Africa and 
South Asia included in this analysis. Despite the observed increase, caesarean rates 
remain low in sub-Saharan Africa (below 5% in 17 sub-Saharan countries as well as 
Nepal). Caesarean rates were extremely low among the poorest 20% and women with 
no education in most countries and eight countries showed a pattern of large-scale 
deprivation in access to caesareans, with caesarean rates below 1% among all except 
the richest quintile. Rates below 1-2% are believed to indicate that women are dying 
because of lack of access to surgery [30, 48, 97, 98], however this assumption has not 
been validated and will be discussed in more detail in later chapters. 
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Chapter 3. Obstetricians’ opinions 
of the optimal caesarean rate 
 
Chapter 3 addresses the second objective of this thesis by presenting results from a 
global survey of doctors performing caesarean sections on their opinions of the optimal 
caesarean rate. The concept of optimal caesarean rates was introduced in chapter 1 
and it is not repeated in this chapter, where I focus on the definition of optimal 
caesarean rates used in this study. 
To the best of my knowledge, this is the first study to examine the variation in opinions 
of the optimal caesarean rate at the population level and within specific categories of 
deliveries, and the variation according to national caesarean rates in providers’ country 
of practice. 
This chapter begins by presenting the methods used to conduct this study. It 
subsequently describes the reported optimal caesarean rate for all deliveries, for the 
whole sample and stratified according to respondents’ characteristics, as well as 
reported optimal rates among 26 clinical and reproductive categories of deliveries.  
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3.1. Introduction 
The concept of optimal caesarean rates was introduced in chapter 1 (section 1.3.1), as 
well as its relevance for measuring the unmet need for caesareans. The review of 
evidence from ecological studies did not identify a clear minimum caesarean rate 
necessary to achieve low maternal and perinatal mortality. The evidence for the widely 
cited WHO 5-15% recommendation of the optimal caesarean rate is unclear, and no 
study has sought to determine the extent to which opinions of the optimal caesarean 
rate vary between obstetric care providers throughout the world. One survey of South 
African obstetricians conducted in 1992 found that the “ideal” rate was considered to be 
20% among private providers and 16% among public providers [40], though the 
variation in responses was not explored. In particular, opinions of the optimal 
caesarean rate may vary from country to country: a large variation exists in national 
caesarean rates worldwide, from 1.4% of all deliveries in Niger in 2012 to 52.3% in 
Brazil in 2010 [2]. Differences of this magnitude are unlikely to be caused exclusively 
by different risk profiles or access to caesareans across countries, and they may be 
partly explained by cultural differences in the perceived appropriateness of caesareans 
in childbirth. 
3.1.1. Objectives 
The objective of this study was to gather the opinions on the optimal caesarean rate 
among obstetric care providers, for all deliveries and among specified groups of 
deliveries.  
Specific objectives were: 
1) To determine the extent of variation in opinions of the optimal caesarean rate 
among doctors who perform caesareans, in specified obstetric and reproductive 
groups of deliveries; and 
2) To assess whether reported optimal rates vary according to the national 
caesarean rate in respondents’ country of practice. 
3.2. Methods 
3.2.1. Study definition of optimal caesarean rates 
As outlined in chapter 1, the concept of “optimal” caesarean rates is not always clearly 
defined. The percentage of caesarean deliveries considered optimal depends on 
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whether both maternal and fetal outcomes are considered, and whether rates are to be 
optimised for averting morbidity as well as mortality. In the context of this study, I 
defined the optimal caesarean rate as that which minimised the risk of maternal and 
perinatal mortality and morbidity. An inclusive definition was thought to be the most 
relevant for the purposes of this survey because, as well as encompassing a larger 
disease burden, obstetricians generally perform caesareans to avert morbidity and with 
consideration for fetal as well as maternal outcomes.  
3.2.2. Study design and population  
I designed a cross-sectional online survey to collect doctors’ opinions of the optimal 
caesarean rate. In high- and middle-income countries, caesareans are predominantly 
performed by obstetricians; in low-income countries however, a large proportion of 
caesareans are performed by non-specialist medical doctors, particularly in sub-
Saharan Africa [136, 137]. Accordingly, the target study population consisted of all 
medical doctors worldwide who have performed caesareans in the last five years. 
These are collectively referred to as “obstetricians” throughout this chapter. 
Non-physician clinicians perform a substantial proportion of caesareans in some 
countries of sub-Saharan Africa, including Malawi, Mozambique, and Tanzania [136, 
138]. However, their training and scope of responsibilities varies substantially from 
country to country [139]. I decided to restrict the sample to medical doctors in order to 
ensure standardisation of respondents across countries.   
3.2.3. Questionnaire development 
I performed a literature search to identify any previous surveys of obstetricians’ 
opinions of caesarean rates, by using the keywords “survey”, “obstetrician” and 
“caesarean” in a PubMed search. One survey of obstetricians in South Africa was 
identified, which asked respondents to report the “ideal” caesarean rate [40], though 
the wording of the question was not included in the article. One unpublished survey 
was also identified, asking experts for their opinion on “plausible” rates of emergency 
caesareans; this tool was used to help develop the wording of the questions [140]. 
Fifteen of 24 respondents in this survey answered that a “plausible range” could be 
established, and there was wide variation in their suggestions (from 1-3% to 5-20%).  
I developed a questionnaire consisting of three sections. The first section collected 
background information from participants, including respondent’s age (20-29, 30-39, 
40-49, 50-59, 60 or older), gender (male, female), occupation (obstetrician, other 
    
80 
 
clinical doctor, researcher), facility type (public only, private for-profit only, private not-
for-profit only, mixed private, mixed public-private), facility level primary care, district, 
regional, national/university, other/private), and facility caesarean rate (0-14%, 15-29%, 
30-49%, ≥50%). The second section asked respondents to report the optimal 
caesarean rate for specified categories of deliveries in 10% intervals (0%, 1-10%, 11-
20% … 91-100%). In the final section respondents were asked to report the optimal 
caesarean rate for all deliveries in free text form, which allowed them to report an 
optimal rate or range of rates, as well as to qualify their response with text. 
The draft questionnaire was piloted among 13 medical doctors who were MSc students 
at the London School of Hygiene and Tropical Medicine between 26th June and 5th July 
2013, including two obstetricians. Respondents for the pilot were fluent in English and 
came from ten different countries (Australia, Cameroon, France, Germany, Malta, 
Nigeria, Portugal, United Kingdom, United States, and Taiwan). The objectives of the 
piloting were to refine the wording of the question in order to convey the study definition 
of “optimal caesarean rates”, and to select the categories of deliveries and order them 
within the questionnaire, taking into consideration the time taken to fill out the 
questionnaire online.  
Wording of the question 
Face validity – the extent to which a question subjectively conveys its intended 
meaning – was assessed during the piloting to ensure that the study definition of 
“optimal caesarean rates” was communicated clearly to respondents. Several 
formulations of the question were tested in an iterative process, by altering the wording 
based on a respondent’s feedback before the next pilot respondent. For each new 
proposed wording, the pilot respondent was presented with the new and previous 
wordings of the question and asked which corresponded more closely to the study 
definition of optimal caesarean rates.  
The question was worded in the draft questionnaire as “For each of the following 
delivery characteristics, how likely would you be to recommend a caesarean for optimal 
maternal and fetal outcomes?” The formulation “for optimal maternal and fetal 
outcomes” communicated the fact that both morbidity and mortality was considered, for 
both mother and baby, in keeping with the study definition. It also relied on 
respondents’ own judgment about how to weigh maternal and fetal outcomes in the 
balance of optimal outcomes, in an attempt to replicate clinical practice. The wording 
was altered to convey the fact that the question referred to the population (rather than 
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individual) level: it was changed to “Of all deliveries with [X characteristic], how 
likely…?” and then to “Of 1000 women with [X characteristic], how likely…?” 
By the same process, the original wording of “how likely would you be to recommend a 
caesarean for optimal maternal and fetal outcomes?” was changed to “what proportion 
should receive a caesarean for optimal maternal and fetal outcomes?” after it appeared 
that certain respondents understood “recommend” to imply planned caesareans only 
(rather than any caesarean). The final wording for the question was therefore chosen 
as “Of 1000 women with the following characteristic, what proportion should receive a 
caesarean for optimal maternal and fetal outcomes?” 
Selection of delivery categories 
One objective of this study was to compare the variation in obstetricians’ opinions of 
the optimal caesarean rate across different categories of deliveries. These categories 
were selected with the aim of including a wide range of hypothesised need for 
caesareans, from categories thought to have a low need for caesareans to categories 
thought to have an elevated need (based on clinical experience). The evidence relating 
to risk factors for elevated need for caesareans was reviewed in chapter 1; in this 
section, I explain the rationale for including selected categories in this survey. 
Four groups of delivery categories were selected for the draft questionnaire: these are 
presented in Table 3.1, according to hypothesised level of need. Absolute maternal 
indications (AMIs) are considered to require a caesarean in all cases [30], and are 
therefore considered as the categories with the highest need for caesarean. Other 
clinical categories include clinical conditions for which there is thought to be an 
elevated need for caesareans, but not all women with these complications require a 
caesarean (such as women with prolonged labour or a single previous caesarean 
section). Reproductive categories include more distal risk factors for obstetric 
complications which may be associated with higher need for caesarean: for example, 
low maternal height is thought to be a risk factor for small pelvic size, and therefore for 
major cephalopelvic disproportion [141]. The lowest risk category of deliveries is 
considered to be multipara with a singleton cephalic delivery, no previous caesarean, 
and no risk factors known at the onset of delivery. 
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Table 3.1 Categories of deliveries included in draft questionnaire, according to 
hypothesised level of need for caesarean 
Absolute maternal 
indications  
Highest need 
Other clinical 
categories  
Higher need 
Reproductive 
categories  
Somewhat higher 
need 
Low-risk 
categories  
Lowest need 
 Complete placenta 
praevia 
 Antepartum 
haemorrhage from 
placental abruption 
 Uterine rupture 
 Uterine pre-rupture 
 Transverse/oblique 
lie 
 Face or brow 
presentation 
 Severe 
cephalopelvic 
disproportion 
 Breech 
presentation 
 All non-cephalic 
presentations 
 Prolonged labour 
(active stage of 
labour >6hrs) 
 Previous 
caesarean section 
 Twin pregnancy 
 Eclampsia 
(convulsions) 
 Pre-eclampsia 
(blood pressure 
>140/90 and ++ 
proteinuria) 
 Maternal diabetes 
(gestational or pre-
gestational) 
 Premature labour 
(<34 weeks) 
 Fetal distress 
during the latent 
phase of labour 
 Fetal distress 
during the active 
phase of labour 
 Cord prolapse 
 Cord around neck 
 Birthweight 
>4,000g (weighed 
after delivery)  
 Birthweight 
<2,500g (weighed 
after delivery)  
 Grand multipara 
(parity ≥6)  
 Nullipara  
 Maternal height 
<150cm / <5”0’  
 Maternal BMI 25-
29.9 kg/m2 pre-
pregnancy  
 Maternal BMI ≥30 
kg/m2 pre-
pregnancy  
 Maternal history of 
stillbirth  
 Maternal history of 
very early neonatal 
death (<24hrs of 
birth)  
 Maternal age >35 
 Multipara, 
singleton cephalic 
delivery, no other 
risk factors known 
at the onset of 
labour  
 
 
The pilot questionnaire took on average 12 minutes to complete, longer than the target 
completion time of less than 10 minutes. Based on feedback from pilot respondents, 
five of the 31 categories were removed from the final questionnaire. “Uterine pre-
rupture” was taken out because respondents indicated that uterine pre-rupture had the 
same need for caesarean as uterine rupture, and “all non-cephalic presentations” was 
removed because individual non-cephalic presentations were included as separate 
categories. “Fetal distress during the latent phase of labour” and “fetal distress during 
the active phase of labour” were removed due to the lack of standardised criteria to 
identify fetal distress. “Cord around neck” was taken out since clinical management 
depends on whether the condition is diagnosed by antepartum ultrasound, or by 
manual examination during delivery. Table 3.2 presents the categories of deliveries 
included in the final version of the survey. 
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Table 3.2 Categories of deliveries included in final questionnaire, according to 
hypothesised level of need for caesarean 
Absolute maternal 
indications  
Highest need 
Other clinical 
categories  
Higher need 
Reproductive 
categories  
Somewhat higher 
need 
Low-risk 
categories  
Lowest need 
 Complete placenta 
praevia 
 Antepartum 
haemorrhage from 
placental abruption 
 Uterine rupture 
 Transverse/oblique 
lie 
 Face or brow 
presentation 
 Severe 
cephalopelvic 
disproportion 
 Breech 
presentation 
 Prolonged labour 
(active stage of 
labour >6hrs) 
 Previous 
caesarean section 
 Twin pregnancy 
 Eclampsia 
(convulsions) 
 Pre-eclampsia 
(blood pressure 
>140/90 and ++ 
proteinuria) 
 Maternal diabetes 
(gestational or pre-
gestational) 
 Premature labour 
(<34 weeks) 
 Cord prolapse 
 Birthweight 
>4,000g (weighed 
after delivery)  
 Birthweight 
<2,500g (weighed 
after delivery)  
 Grand multipara 
(parity ≥6)  
 Nullipara  
 Maternal height 
<150cm / <5”0’  
 Maternal BMI 25-
30 pre-pregnancy  
 Maternal BMI >30 
pre-pregnancy  
 Maternal history of 
stillbirth  
 Maternal history of 
early neonatal 
death (<24hrs of 
birth)  
 Maternal age >35 
 Multipara, 
singleton cephalic 
delivery, no other 
risk factors known 
at the onset of 
labour  
 
 
Ordering of categories 
In the final questionnaire, the order of categories was chosen with the aim of helping 
respondents think about population-level caesarean rates (rather than the individual-
level decision making they usually do in clinical practice). AMIs were placed at the start 
of the section, as these were thought to be easier to answer and expected to elicit 
reported optimal rates of 91-100%. The two AMI categories dealing with 
malpresentation (transverse/oblique lie, and face/brow presentation) were placed 
immediately before breech presentation, in order to group all non-cephalic 
presentations together. These were followed by the other clinical categories. The low-
risk category of deliveries was placed before reproductive categories, with the aim of 
having respondents consider the optimal caesarean rate among the lowest need group, 
which would serve as a minimum benchmark for the other reproductive categories. 
The optimal caesarean rate for all deliveries was asked after all groups of deliveries; 
this ordering was intended to help respondents take into consideration optimal rates for 
individual categories in their response for the optimal rate at the population level.  
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Translation 
The final version of the questionnaire was translated into French, Portuguese and 
Spanish. The aim for the survey was to get as large and as diverse a sample as 
possible, and these languages were chosen due to their inter-regional reach in medical 
education. Other languages were considered with the aim of reaching respondents in 
large countries (including Arabic, Hindi and Mandarin); unfortunately, due to resource 
constraints, it was not possible to translate the questionnaire into these languages.  
Online formatting and informed consent 
The survey was designed on the online platform SurveyMonkey 
(https://www.surveymonkey.com). Informed consent was given by respondents by 
checking a box stating they had understood the information and terms of participation 
of the survey. Checking the box was required before being able to proceed to the 
questionnaire. Respondents were able to skip questions and quit the survey at any 
stage. 
The online survey was accessible from 14th August 2013 to 31st January 2014. The 
final English version of the questionnaire, including the online consent form, can be 
found in Appendix C: Optimal Caesarean Rates Survey questionnaire. 
3.2.4. Dissemination strategy 
The study population for this survey consisted of obstetricians and medical doctors 
worldwide who have performed caesarean sections in the last five years. Although it 
would have been ideal to achieve a representative sample of this population, this was 
not possible for several reasons. First, there is no sampling frame for this population. 
While an approximate sampling frame may be constructed for practicing obstetricians 
by means of registration with a national obstetrics association, membership is not 
compulsory in all countries and this does not include non-obstetrician doctors (who 
perform a large proportion of caesareans in sub-Saharan Africa). Second, even if a 
representative target sample could be selected, there is a strong possibility of selection 
bias induced by non-response. Indeed, an unknown proportion of this population is not 
reachable online, particularly among rural practitioners in low-income countries, and 
even in high-income countries, surveys of medical doctors tend to have low response 
rates [142-145].   
I therefore opted for a multi-pronged approach with the aim of recruiting the largest and 
most geographically diverse sample possible. The following strategies were used: 
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a) Dissemination through national obstetrics societies. I attempted to contact 
all 125 national member associations of the International Federation of 
Gynecology and Obstetrics (FIGO) via email. Three successive attempts were 
made to contact each association. In the event that electronic contact details 
were incorrect, attempts were made to find up to three alternate email 
addresses. I also attempted to contact national obstetrics societies which are 
not members of FIGO. 110 FIGO member and 4 non-FIGO member national 
obstetrics associations were contacted by email. Of these, 32 associations 
agreed to disseminate the survey to their members via email and/or by posting 
a link to the survey on their website. Table 3.3 lists these national associations 
and their membership. 
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Table 3.3 National obstetrics associations which disseminated the survey to their 
members 
WHO region Country National obstetrics association name 
Members 
(N) 
Africa 
Burkina Faso 
Societé de Gynécologues et Obstétriciens du 
Burkina 
58 
Ghana 
Society of Gynaecologists and Obstetricians of 
Ghana 
Unknown 
Kenya Kenya Obstetrical and Gynaecological Society  Unknown 
Malawi 
Association of Obstetricians and Gynecologists 
of Malawi 
Unknown 
Mozambique 
Associação Moçambicana de Obstetras e 
Ginecologistas 
61 
Nigeria 
Society of Gynaecology and Obstetrics of 
Nigeria 
754 
Rwanda 
Rwanda Society of Obstetricians and 
Gynecologists 
32 
South Africa 
South African Society of Obstetricians and 
Gynaecologists 
542 
Sudan 
Obstetrical & Gynaecological Society of the 
Sudan 
c.800 
Uganda 
Association of Obstetricians and Gynaecologists 
of Uganda 
c.100 
Americas 
Bolivia Sociedad Boliviana de Obstetricia y Ginecología 516 
Ecuador 
Federación Ecuatoriana de Sociedades de 
Ginecología y Obstetricia  
Unknown 
Haiti 
Société Haitienne d’Obstétrique et de 
Gynécologie 
116 
Honduras 
Sociedad de Ginecología y Obstetricia de 
Honduras  
Unknown 
Mexico 
Federacion Mexicana de Colegios de Obstetricia 
y Ginecologia 
Unknown 
Eastern 
Mediterranean 
Lebanon Lebanese Society of Obstetrics & Gynecology c.500 
Europe 
Denmark Dansk Selskab for Obstetric og Gynaekologi  c.1,000 
Iceland Icelandic Society of Obstetrics and Gynecology Unknown 
Luxemburg 
Société Luxembourgeoise de Gynécologie et 
d’Obstétrique 
Unknown 
Norway 
Norwegian Society for Gynecology and 
Obstetrics 
c.900 
Slovenia 
Slovene Association of Gynaecologists and 
Obstetricians 
Unknown 
Spain Sociedad Espanõla de Ginecología y Obstetricia Unknown 
Switzerland Société Suisse de Gynécologie & Obstétrique  Unknown 
Turkey Turkish Society of Obstetrics and Gynecology  c.4,000 
United 
Kingdom 
Royal College of Obstetrics and Gynaecology c.12,500 
South-East 
Asia 
Nepal 
Nepal Society of Obstetricians and 
Gynaecologists 
300 
Thailand 
Royal Thai College of Obstetricians and 
Gynaecologists 
c.2,000 
Western 
Pacific 
Malaysia 
Obstetrical & Gynaecological Society of 
Malaysia 
c.850 
Papua New 
Guinea 
Papua New Guinea Obstetrics and Gynaecology 
Society 
40 
Singapore 
Obstetrical & Gynaecological Society of 
Singapore 
320 
Taiwan 
Taiwan Association of Obstetrics and 
Gynecology 
Unknown 
    
87 
 
 
b) Dissemination through other maternal health organisations. Leading 
organisations in the field of maternal health also helped disseminate the survey 
to their members, including the White Ribbon Alliance national associations in 
Bangladesh, Pakistan, Uganda and Zambia, the London School of Hygiene & 
Tropical Medicine alumni mailing list, as well as the online community forums 
Health care Information for All by 2015 and Global Health Delivery. 
 
c) Dissemination to collaborators on studies of maternal and perinatal 
health. The survey invitation was disseminated among obstetricians involved in 
the following studies: the WHO Global Survey on Maternal and Perinatal Health 
in 24 countries in Latin America, Africa and Asia; the WHO INTERGROWTH-
21st study with seven study sites in all global regions; the FEMHealth study of 
fee exemptions for maternal care in four francophone West African countries; 
and the WOMAN trial of tranexamic acid for the treatment of postpartum 
haemorrhage in 26 countries worldwide. 
 
d) Use of social networking sites. Online Facebook groups of medical doctors 
were identified using a keyword strategy (“doctor” in association with each 
country name), and were contacted to invite participants. An online advert with 
link to the survey was posted on the Facebook page of 57 groups of 
obstetricians and medical doctors. Twitter was also used to disseminate the 
invitation by a series of short messages with a link to the online survey, which 
could be subsequently shared (“re-tweeted”) by other users. 
 
e) Snowball sampling. Respondents were encouraged to forward the invitation 
email to other potential respondents among their colleagues. Professional 
medical and research contacts with ties to obstetricians were also contacted for 
help with disseminating the survey among their networks. 
 
3.2.5. Explanatory variables and data sources 
The main explanatory variable of interest in this study was the national caesarean rate 
in the respondents’ main country of practice, grouped into four categories (<5%, 5-
14.9%, 15-29.9%, ≥30%). I updated the list of national caesarean rates compiled by 
Gibbons et al. in 2012 [1] with more recent estimates published in the WHO Global 
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Health Observatory [2], and in Demographic and Health Survey reports [146], where 
available. National figures were available for 161 countries. The national caesarean 
rates used in this survey, including the reference year and data source, are presented 
in Appendix D: National caesarean rates and source.  
Secondary exposures of interest at the national level included geographical region of 
practice, which was categorised according to the WHO classification [147], as well as 
country income level, for which the World Bank classification (low income, lower-middle 
income, upper-middle income, and high income) was used [148]. 
3.2.6. Statistical analyses 
The median reported optimal caesarean rate for all deliveries and corresponding 
interquartile range (IQR) was calculated. Where respondents gave an optimal range for 
all deliveries rather than a single rate (e.g. 15-20%), the interval midpoint was used to 
calculate the median optimal caesarean rate for the sample (in this example, 17.5%). 
The optimal caesarean rate for each clinical and reproductive category of deliveries 
was collected as an interval (e.g. 51-60%), and I therefore calculated the median 
interval for each delivery category.  
I examined the magnitude of variation in optimal rates according to respondents’ 
characteristics by calculating the median optimal caesarean rate stratified according to 
national caesarean rate and secondary explanatory variables (occupation, 
geographical region of main experience, country income level, facility type, highest 
facility level, facility caesarean rate, gender and age). Median optimal rates for each 
category of deliveries were also calculated for each group of national caesarean rate. I 
used Kruskal-Wallis one-way analysis of variance tests to investigate differences in 
opinions of the optimal rate between strata; a non-parametric test was necessary 
because of the skewness of responses. All analyses were conducted in Stata version 
13.  
3.3. Results 
3.3.1. Sample description 
A total of 1,377 respondents accessed the link to the survey, but 320 (23%) 
questionnaires had blank answers for all the questions on optimal rates and were 
excluded from the final sample. The final sample included 1,057 medical doctors from 
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96 countries (Table 3.4). The vast majority of respondents (88%) were obstetricians, 
with an additional 5% other clinical doctors, and 6% researchers not currently involved 
in clinical practice. One third of the respondents (34%) had practiced obstetrics 
primarily in the Americas; the region with the smallest number of respondents was 
South-East Asia (n=67, 6%). Most (83%) respondents had practiced in countries with a 
caesarean rate above 15%, while 7% practiced in countries with national rates below 
5%. Half (50%) of respondents practiced in public facilities only, 29% in private facilities 
only, and 19% in both. The highest facility level of practice was national or university 
hospitals for the majority of respondents (44%), followed by regional hospitals (27%) 
and private/other facilities (15%). Forty-two percent estimated that the caesarean rate 
in their facility was between 15-29% of deliveries, and another 30% estimated it to be 
between 30-49%.  
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Table 3.4 Description of the sample of survey respondents 
Characteristics Final sample (%) 
Total 1,057 
Occupation  
Obstetrician 932 (88.2) 
Other clinical doctor 57 (5.4) 
Other (including non-clinical doctor and researcher) 60 (5.7) 
Missing 8 (0.8) 
Region of main experience in obstetrics  
Africa 147 (13.9) 
Americas 364 (34.4) 
Eastern Mediterranean 71 (6.7) 
Europe 283 (26.8) 
South-East Asia 67 (6.3) 
Western Pacific 110 (10.4) 
Missing 15 (1.4) 
National caesarean rate  
<5% 75 (7.1) 
5-15% 89 (8.4) 
15-30% 489 (46.3) 
>=30% 385 (36.4) 
Missing 19 (1.8) 
Country income level  
Low income 118 (11.2) 
Lower middle income 148 (14.0) 
Upper middle income 414 (39.2) 
High income 362 (34.2) 
Missing 15 (1.4) 
Facility type  
Public only 525 (49.7) 
Private for-profit only 221 (20.9) 
Private not-for-profit only 73 (6.9) 
Mixed private 13 (1.2) 
Mixed public-private 204 (19.3) 
Missing 21 (2.0) 
Highest facility level of practice  
Primary care 32 (3.0) 
District 115 (10.9) 
Regional 286 (27.1) 
National/University 461 (43.6) 
Private/Other 158 (14.9) 
Missing 5 (0.5) 
Facility caesarean rate  
0-14% 89 (8.4) 
15-29% 446 (42.2) 
30-49% 315 (29.8) 
50%+ 174 (16.5) 
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Characteristics Final sample (%) 
Dont know 23 (2.2) 
Missing 10 (0.9) 
Gender  
Female 482 (45.6) 
Male 560 (53.0) 
Missing 15 (1.4) 
Age  
20-29 52 (4.9) 
30-39 262 (24.8) 
40-49 306 (28.9) 
50-59 289 (27.3) 
60+ 141 (13.3) 
Missing 7 (0.7) 
Language of survey  
English 657 (62.2) 
French 71 (6.7) 
Spanish 245 (23.2) 
Portuguese 84 (7.9) 
 
3.3.2. Missing data  
There were very few missing values for respondents’ background characteristics (at 
most 1.9%). The percentage of missing values on optimal caesarean rates increased 
with question order in the questionnaire. It ranged from 0.4% for complete placenta 
praevia to 3.0% for prolonged labour among clinical categories, and from 4.7% for low-
risk deliveries to 6.7% for nulliparous women among reproductive categories. The 
optimal caesarean rate for all deliveries had the largest number of missing responses 
(11.0%). 
3.3.3. Optimal caesarean rate for all deliveries 
Table 3.5 presents the median reported optimal caesarean rate and IQR, stratified by 
respondent characteristics. Seven respondents were excluded from this analysis: four 
who replied that the optimal rate is “less than” a specific percentage (namely 5%, 20%, 
20% and 25%) without giving a lower limit, and three who reported that it is 
“impossible” to know or depends on the population being cared for. The median 
reported optimal caesarean rate for all deliveries was 20% (IQR: 15-30%, range: 3-
90%). 
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There was strong evidence of a difference in the optimal reported rates according to all 
explanatory variables (Kruskal-Wallis p<0.01 for all), except for age. Respondents 
practicing in Europe reported lower optimal rates (15%) than those in all other regions 
(between 20% in Africa and 25% in the Americas, South-East Asia and Western 
Pacific). Providers in countries with caesarean rates above 30% reported higher 
optimal rates (25%) than those in countries with caesarean rates below 30% (20% in all 
three groups). Obstetricians in low- and high-income countries reported similar optimal 
rates (20% and 17%, respectively), while those in lower- and upper-middle income 
countries reported higher optimal rates (25% and 28%, respectively). Providers 
exclusively from the private for-profit sector reported higher optimal rates than those 
practicing exclusively in the public sector (30% compared with 20%, respectively). 
Median reported optimal rates increased consistently with reported facility caesarean 
rates, from 15% among providers who report an institutional caesarean rate of 0-14%, 
to 30% for institutional rates over 50%.  
For each of these stratifications, the 25th percentile in each subgroup was at least 15%; 
the only exceptions were providers in Europe and in facilities with institutional 
caesarean rates below 15%, where the lower quartile was 14% and 10%, respectively. 
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Table 3.5 Optimal caesarean rate for all deliveries stratified by respondent characteristics 
(N=1,054) 
Characteristic 
Number of 
respondents 
Median 
(%) 
IQR (%) 
Kruskal-Wallis 
p-value 
Total 941 20 15-30 - 
Occupation 
Obstetrician 835 20 15-30 
0.0002 Other clinical doctor 47 20 15-40 
Other (including non-clinical 
doctor and researcher) 
53 15 15-22 
Region of main experience in obstetrics 
Africa 127 20 15-30 
<0.0001 
Americas 337 25 20-30 
Eastern Mediterranean 61 23 18-30 
Europe 246 15 14-20 
South-East Asia 64 25 20-30 
Western Pacific 94 25 20-30 
National caesarean rate 
<5% 65 20 15-25 
<0.0001 
5-15% 76 20 15-30 
15-30% 434 20 15-30 
>=30% 350 25 20-30 
Country income level 
Low income 103 20 15-25 
<0.0001 
Lower middle income 131 25 16-30 
Upper middle income 381 28 20-30 
High income 314 17 15-25 
Facility type 
Public only 469 20 15-25 
<0.0001 
Private for-profit only 187 30 20-35 
Private not-for-profit only 65 20 15-30 
Mixed private 13 25 20-30 
Mixed public-private 189 23 16-30 
Highest facility level of practice 
Primary care 30 25 18-30 
<0.0001 
District 94 20 15-25 
Regional 261 20 15-30 
National/University 413 20 15-30 
Private/Other 139 30 23-35 
Facility caesarean rate 
0-14% 76 15 10-16 
<0.0001 
15-29% 396 20 15-25 
30-49% 285 25 20-30 
50%+ 156 30 24-40 
Dont know 19 20 15-35 
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Characteristic 
Number of 
respondents 
Median 
(%) 
IQR (%) 
Kruskal-Wallis 
p-value 
Gender 
Female 429 20 15-30 
0.0081 
Male 502 25 15-30 
Age 
20-29 44 20 15-30 
0.2405 
30-39 237 20 15-30 
40-49 266 20 15-30 
50-59 264 25 15-30 
60+ 126 20 15-30 
 
3.3.4. Optimal caesarean rate by clinical and reproductive category of 
deliveries 
Figure 3.1 presents the median reported optimal caesarean rate and IQR for different 
categories of deliveries, gathered into three groups (AMIs, other clinical categories, and 
reproductive categories including low-risk). Four of the six AMIs had median rates of 
91-100% (complete placenta praevia, uterine rupture, transverse/oblique lie and 
cephalopelvic disproportion). There was very little variation in the optimal caesarean 
rate within these categories, as indicated by the narrow IQRs. Antepartum 
haemorrhage from placental abruption and face/brow presentation both had a median 
optimal rate of 81-90%, and wider IQRs than the four other AMI categories.  
There was substantial variation in reported optimal rates in most of the other clinical 
categories. The two exceptions were eclampsia and cord prolapse, with high optimal 
rates (81-90% and 91-100%, respectively) and relatively narrow IQRs. For the other 
categories included in this group, the median optimal rate varied between 21-30% for 
diabetes and premature labour, and 71-80% for breech delivery. The IQRs for these 
categories were very wide, reaching 50 percentage points for pre-eclampsia, twin 
delivery, breech delivery and prolonged labour.  
The reported optimal rate was lower for reproductive categories than for clinical 
categories, with medians ranging between 1-10% and 21-30%. The median for most of 
these categories was at or below the median optimal rate for all deliveries (20%). They 
also tended to show less variation than clinical categories other than AMIs, with the 
exception of high birthweight which had an IQR of 60 percentage points. The reported 
optimal rate was lower for low-risk deliveries (singleton cephalic delivery, parity 2-5, 
with no known risk factors at the onset of labour) than for all other clinical and 
reproductive categories (p<0.001 for all). 
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Figure 3.1 Median optimal caesarean rate and IQR among different categories of 
deliveries 
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3.3.5. Optimal caesarean rates among specific categories, stratified 
according to national caesarean rate 
Table 3.6 presents reported optimal rates for all clinical and reproductive categories of 
deliveries, stratified by national caesarean rate, and the p-value for the corresponding 
Kruskal-Wallis test. There was no difference in median reported optimal rates 
according to national caesarean rate for all AMI categories except for antepartum 
haemorrhage from placental abruption, where it increased with the national rate 
(p<0.001). There was also no difference in median optimal rates for the following 
categories: eclampsia, cord prolapse, grand multipara, maternal age>35 and low-risk 
pregnancy; these categories had a large overlap between IQRs for different levels of 
national caesarean rates. There was no clear trend according to national rate for the 
remaining categories (pre-eclampsia, maternal diabetes, previous caesarean, 
premature labour, prolonged labour, and high birthweight). 
Reported optimal rates increased with the national caesarean rate for twin delivery and 
breech presentation (p-value <0.001). This trend was also observed but less 
pronounced among low birthweight and nullipara deliveries. In contrast, the median 
optimal rate decreased with national caesarean rate for low maternal height, maternal 
overweight and obesity, previous stillbirth, and previous early neonatal death. 
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Table 3.6 Optimal caesarean rate for different categories, stratified by national caesarean 
rate 
National 
caesarean 
rate 
25th percentile Median 
75th 
percentile 
Rank-sum p 
value 
(Kruskal-
Wallis) 
Complete placenta praevia 
<5% 91-100% 91-100% 91-100% 
0.797 
5-15% 91-100% 91-100% 91-100% 
15-30% 91-100% 91-100% 91-100% 
>=30% 91-100% 91-100% 91-100% 
Antepartum haemorrhage from placental abruption 
<5% 41-50% 71-80% 91-100% 
<0.001 
5-15% 41-50% 71-80% 91-100% 
15-30% 61-70% 81-90% 91-100% 
>=30% 81-90% 91-100% 91-100% 
Uterine rupture or pre-rupture 
<5% 91-100% 91-100% 91-100% 
0.627 
5-15% 91-100% 91-100% 91-100% 
15-30% 91-100% 91-100% 91-100% 
>=30% 91-100% 91-100% 91-100% 
Transverse/oblique lie 
<5% 71-80% 91-100% 91-100% 
0.023 
5-15% 51-60% 91-100% 91-100% 
15-30% 81-90% 91-100% 91-100% 
>=30% 81-90% 91-100% 91-100% 
Face/brow presentation 
<5% 61-70% 81-90% 91-100% 
0.882 
5-15% 61-70% 81-90% 91-100% 
15-30% 51-60% 81-90% 91-100% 
>=30% 61-70% 81-90% 91-100% 
Cephalopelvic disproportion 
<5% 91-100% 91-100% 91-100% 
0.150 
5-15% 91-100% 91-100% 91-100% 
15-30% 91-100% 91-100% 91-100% 
>=30% 91-100% 91-100% 91-100% 
Eclampsia 
<5% 41-50% 81-90% 91-100% 
0.005 
5-15% 41-50% 81-90% 91-100% 
15-30% 61-70% 81-90% 91-100% 
>=30% 61-70% 81-90% 91-100% 
Pre-eclampsia 
<5% 11-20% 41-50% 71-80% 
0.499 
5-15% 21-30% 41-50% 61-70% 
15-30% 11-20% 31-40% 61-70% 
>=30% 11-20% 41-50% 61-70% 
Maternal diabetes 
<5% 11-20% 31-40% 51-60% 0.015 
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National 
caesarean 
rate 
25th percentile Median 
75th 
percentile 
Rank-sum p 
value 
(Kruskal-
Wallis) 
5-15% 11-20% 41-50% 61-70% 
15-30% 11-20% 21-30% 41-50% 
>=30% 11-20% 21-30% 41-50% 
Previous caesarean section 
<5% 21-30% 41-50% 61-70% 
<0.001 
5-15% 41-50% 51-60% 71-80% 
15-30% 21-30% 41-50% 61-70% 
>=30% 21-30% 41-50% 51-60% 
Twin delivery 
<5% 11-20% 31-40% 41-50% 
<0.001 
5-15% 21-30% 41-50% 51-60% 
15-30% 21-30% 41-50% 71-80% 
>=30% 31-40% 51-60% 81-90% 
Breech presentation 
<5% 21-30% 41-50% 71-80% 
<0.001 
5-15% 41-50% 61-70% 81-90% 
15-30% 41-50% 61-70% 81-90% 
>=30% 51-60% 81-90% 91-100% 
Premature labour 
<5% 1-10% 11-20% 41-50% 
0.060 
5-15% 11-20% 31-40% 41-50% 
15-30% 11-20% 21-30% 51-60% 
>=30% 11-20% 21-30% 61-70% 
Prolonged labour 
<5% 41-50% 51-60% 81-90% 
0.857 
5-15% 41-50% 71-80% 81-90% 
15-30% 31-40% 61-70% 81-90% 
>=30% 41-50% 61-70% 81-90% 
Cord prolapse 
<5% 71-80% 91-100% 91-100% 
0.007 
5-15% 71-80% 91-100% 91-100% 
15-30% 81-90% 91-100% 91-100% 
>=30% 81-90% 91-100% 91-100% 
High birthweight (>4,000g) 
<5% 1-10% 21-30% 71-80% 
0.034 
5-15% 1-10% 11-20% 41-50% 
15-30% 1-10% 21-30% 61% 
>=30% 11-20% 31-40% 61-70% 
Low birthweigth (<2,500g) 
<5% 0% 1-10% 11-20% 
0.002 
5-15% 1-10% 1-10% 21-30% 
15-30% 1-10% 11-20% 21-30% 
>=30% 1-10% 11-20% 21-30% 
Grand multipara (parity>5) 
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National 
caesarean 
rate 
25th percentile Median 
75th 
percentile 
Rank-sum p 
value 
(Kruskal-
Wallis) 
<5% 1-10% 1-10% 11-20% 
0.002 
5-15% 0% 1-10% 11-20% 
15-30% 0% 1-10% 11-20% 
>=30% 0% 1-10% 1-10% 
Nullipara 
<5% 0% 1-10% 11-20% 
0.157 
5-15% 0% 1-10% 11-20% 
15-30% 1-10% 11-20% 11-20% 
>=30% 0% 11-20% 11-20% 
Low maternal height (<150cm) 
<5% 1-10% 31-40% 51-60% 
0.002 
5-15% 1-10% 11-20% 41-50% 
15-30% 1-10% 11-20% 41-50% 
>=30% 1-10% 11-20% 31-40% 
Maternal overweight 
<5% 1-10% 11-20% 31-40% 
0.171 
5-15% 1-10% 1-10% 11-20% 
15-30% 1-10% 1-10% 11-20% 
>=30% 0% 1-10% 11-20% 
Maternal obesity 
<5% 1-10% 21-30% 41-50% 
0.070 
5-15% 1-10% 11-20% 21-30% 
15-30% 1-10% 11-20% 21-30% 
>=30% 1-10% 11-20% 21-30% 
Previous stillbirth 
<5% 11-20% 31-40% 61-70% 
0.003 
5-15% 1-10% 21-30% 51-60% 
15-30% 1-10% 11-20% 41-50% 
>=30% 1-10% 11-20% 31-40% 
Previous early neonatal death 
<5% 1-10% 21-30% 41-50% 
0.066 
5-15% 1-10% 11-20% 41-50% 
15-30% 1-10% 11-20% 31-40% 
>=30% 1-10% 11-20% 31-40% 
Maternal age >35 years 
<5% 1-10% 11-20% 31-40% 
0.333 
5-15% 1-10% 11-20% 41% 
15-30% 1-10% 11-20% 21-30% 
>=30% 1-10% 11-20% 21-30% 
Low risk pregnancy (singleton, cephalic delivery with no other known risk factors 
at onset of labour) 
<5% 0% 1-10% 1-10% 
0.244 
5-15% 0% 1-10% 1-10% 
15-30% 0% 1-10% 1-10% 
>=30% 0% 1-10% 1-10% 
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3.4. Discussion 
3.4.1. Summary of main findings  
Results from this survey show that obstetricians report a median optimal caesarean 
rate of 20% for all deliveries. The IQR of 15-30% indicates that 75% of respondents 
believe that the population-level caesarean rate should be 15% or higher. Respondents 
from countries with national rates above 30% reported higher optimal rates than those 
from countries with lower national rates, though there was no difference for national 
rates below 30%. At the regional level, obstetricians practicing in Europe reported the 
lowest optimal caesarean rate (15%), while the highest (25%) was reported in the 
Americas, South-East Asia and Western Pacific. Obstetricians working in private for-
profit facilities and facilities with high caesarean rates reported substantially higher 
optimal rates than in public sector facilities and facilities with low caesarean rates, 
respectively. 
Reported optimal caesarean rates for different categories of deliveries are consistent 
with clinical interpretation. The optimal rate was lowest for multipara singleton cephalic 
deliveries with no known risk factors than for all other categories. Most categories 
designated as absolute maternal indications in the literature had median optimal rates 
of 91-100%. Obstetricians reported higher median optimal rates for clinical than for 
reproductive categories, though there was a wide range of opinions across 
respondents for non-AMI clinical categories. These differences were not explained by 
the national caesarean rate, with the exception of twins, breeches and placental 
abruption, for which reported optimal rates tended to increase with national rates. 
3.4.2. Interpretation 
The results from this survey suggest that respondents believe the optimal caesarean 
rate at the population level is higher than the WHO “acceptable” range of 5-15%. 
Nonetheless, there remains substantial variation in opinions of the optimal rate, with 
25% of respondents believing it is above 30%. This lack of agreement highlights the 
subjectivity of clinicians’ opinions of the optimal rate, and indicates that the median 
reported optimal rate of 20% is not a valid benchmark for measuring the unmet need 
for caesareans.  
The optimal caesarean rate reported by respondents in this study is similar to that 
found in a survey of South African obstetricians from 1992, in which private providers 
reported an “ideal” rate of 20% and 16% for public hospital providers [40]. Variations in 
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the optimal caesarean rate reported in different countries are likely to be partly due to 
cultural differences in the perceived risk associated with caesareans. Surveys in high-
income countries have found that between 15% (in Spain) and 79% (in the UK) of 
providers report agreeing to caesareans on maternal request in the absence of medical 
indication [142, 143, 149-152], and between 1% of obstetricians in Denmark and 18% 
in the USA would prefer an elective pre-labour caesarean for themselves or their 
partner in the event of a term uncomplicated singleton cephalic delivery [143-145, 150, 
152]. Changes in obstetricians’ opinions over time have been documented, as in 
England and Wales, where 60% of respondents stated having recently changed their 
practice toward caesareans on maternal request [142]: this change in practice at the 
beginning of the 21st century probably reflects a real reduction in the risks associated 
with caesarean delivery, as a result of regional anaesthesia and routine use of 
thrombo-prophylaxis and antibiotics, as well as a cultural change in the acceptability of 
performing caesareans on maternal request.  
Contrary to the study hypothesis, the national caesarean rate does not affect reported 
optimal rates when national rates are below 30%. There was greater variation in 
optimal rates according to self-reported facility caesarean rates: this association could 
be due to reporting bias, if respondents believing the optimal rate is higher were more 
likely to overestimate the institutional rate in their facility. If the association is real, these 
findings suggest that individual providers’ opinions of the optimal rate are affected more 
by the immediate clinical environment in which they practice than by the wider national 
clinical context, perhaps in part because the safety of caesareans and clinical culture 
varies across facilities. 
The high median optimal rate and narrow IQRs reported for AMIs suggest that 
obstetricians indeed consider these obstetric complications to be “absolute” indications 
for surgical delivery, supporting the 100% need for caesareans in these categories, 
with rates below 100% indicating an unmet need. The concept of AMIs was based on 
clinical experience, and hence it is not surprising that obstetricians’ opinions support 
this concept, and the high agreement between respondents indicates that this belief is 
strongly held across countries. Among AMIs, the optimal rate and agreement were 
lower for face/brow presentation and antepartum haemorrhage. This may have been 
because these categories include less severe complications: brow presentation cannot 
be delivered vaginally, though it may be possible with face presentation; and placental 
abruption is not always associated with major haemorrhage. Though AMIs include life-
threatening maternal complications only [30], cord prolapse and eclampsia have 
reported median optimal rates of 91-100% and 81-90%, respectively, suggesting that 
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some obstetricians also consider these “absolute” indications for caesarean (for both 
maternal and fetal considerations).  
The reported optimal range for breech delivery was 71-80%, indicating that 
obstetricians believe that most – but not all – breeches would benefit from a caesarean, 
consistent with the Cochrane systematic review which found that the benefits of 
planned caesarean at term outweighed the risks for the fetus, at the expense of 
increased maternal morbidity [51]. Reported optimal rates for both breech and twin 
deliveries varied widely (IQR = 50% for both), and increased with the national 
caesarean rate. These optimal rates are likely to reflect the level of risks associated 
with caesareans in different settings, as well as the level of interventionism of a medical 
culture, which would account for both higher reported optimal rates in these categories 
and higher national caesarean rates in these countries.  
3.4.3. Strengths and limitations 
To my knowledge, this study was the first global survey of obstetricians’ opinions of the 
optimal caesarean rate. Respondents were asked to report the optimal caesarean rate 
at the population level, rather than both a minimum and maximum threshold, and it was 
not possible to directly assess their opinion of the WHO 5-15% recommended range. 
It achieved a large and geographically diverse sample, though there were relatively few 
respondents from Asia (in particular, there were only two Chinese obstetricians in the 
sample). Unfortunately, it was not possible to obtain a globally representative sample of 
doctors performing caesareans worldwide because there was no sampling frame for 
this population; moreover, they do not all have access to the internet, and it is likely 
that a substantial proportion of doctors who saw the survey advertised did not respond. 
Selection bias may have affected the study findings, if those who answered the survey 
tend to report different answers than those who are not reachable online or who chose 
not to answer the survey. Notably, the lack of responses from southern and eastern 
Europe (where national caesarean rates are higher than in western and northern 
Europe) may explain why the median reported optimal rate is lower in this region than 
in others. However, the variation in responses would be unlikely to be completely 
eliminated with a representative sample. The median response rate across 350 postal 
surveys of healthcare professionals was 59%, with an IQR of 42-71% [153]. It was not 
possible to calculate a response rate for this online survey since the number of people 
who received the invitation is unknown. 
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Missing values increased with question order, due to respondents dropping out after 
beginning to answer the survey. The 11% missing responses for the optimal rate for all 
deliveries could have been reduced by placing this question before individual delivery 
categories. Certain delivery categories could have been clarified: for example, 
face/brow presentation could have been split into separate categories, and “antepartum 
haemorrhage from placental abruption” would have been closer to the definition of 
AMIs if it had been changed to “from retroplacental haematoma”. Making these 
clarifications would have allowed for establishing whether these more specific 
categories are considered absolute indications for caesareans. If repeating this survey, 
I would choose to ask respondents for their opinion of the minimum optimal caesarean 
rate in addition to the maximum optimal rate, as well as ask them directly whether they 
believe the WHO recommended range is too low. I would also include an open 
response for each of these questions asking them to give their reasons or comments. 
In addition, it would be interesting to repeat this survey among non-physician obstetric 
care providers (such as midwives and clinical officers) in order to compare their 
responses. 
Lastly, the p-values derived from the Kruskal-Wallis tests seem high relative to the 
magnitude of differences between subgroups, most likely because this test is sensitive 
to the extreme values reported in each category, but this non-parametric test was 
nonetheless the most appropriate for this analysis.  
3.5. Conclusion 
The median optimal caesarean rate reported by obstetricians lies above the 
“acceptable” range defined by the WHO, and the wide range of reported optimal rates 
indicates that these should not be used to identify the optimal caesarean rate for 
measuring the unmet need. In light of the wide range of thresholds for the minimum 
optimal caesarean rate identified in ecological studies, this lack of consensus confirms 
that the optimal caesarean rate remains unknown. There are no other available data 
sources based on which to assess the optimal caesarean rate, and therefore this 
concept appears not to be useful for measuring the unmet need for caesareans. 
Results from this survey nonetheless indicate that AMIs are indeed considered to be 
“absolute” indications for caesareans by obstetricians and that caesarean rates below 
100% in these categories are a clear indicator of unmet need, but reported optimal 
rates for other clinical categories varied widely according to clinical context.  
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Chapter 4. Determinants of facility 
deliveries, caesarean sections and 
pregnancy-related deaths in the 
Brong-Ahafo region of Ghana 
 
The purpose of chapter 4 is to describe the study population and data sources used in 
chapters 4, 5 and 6, and to present the socio-demographic determinants of facility 
deliveries, caesarean sections and pregnancy-related deaths in the Brong-Ahafo region 
of central Ghana (objective 3.1 of this thesis). These descriptive analyses are 
presented as a background to the analyses on unmet need for caesareans in chapters 
5 and 6, in order to describe the context and help interpret findings in subsequent 
chapters. 
This chapter begins by presenting the study setting and the ObaapaVitA trial, from 
which the study sample was drawn. It further describes how the sample was selected 
for the current analyses, and how variables used in the analysis were derived from the 
available data. The socio-demographic determinants of facility deliveries, caesareans 
and pregnancy-related deaths are then described. Causes of death based on verbal 
post-mortems are presented for all pregnancy-related deaths. Lastly, the prevalence of 
obstetric complications is presented for all hospital deliveries and stratified by maternal 
education, and causes of pregnancy-related deaths are described for hospital 
deliveries.   
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4.1. Introduction 
Multiple barriers to delivery care exist in low- and middle-income countries; these have 
been summarised in several reviews [106, 108, 154, 155]. In their systematic review, 
Moyer and Mustafa identified five categories of factors affecting facility delivery in sub-
Saharan Africa: maternal, social, antenatal, facility-related, and macro-level factors, of 
which maternal determinants were the most commonly studied [108]. Their review 
found that maternal education, household wealth, urban residence and number of 
antenatal visits had a consistent positive effect on the likelihood of facility delivery, 
while high parity and distance to the nearest facility were consistently negatively 
associated with facility delivery [108]. Additional factors (including age, ethnicity, 
religion, marital status and women’s autonomy) were associated with facility delivery in 
some sub-Saharan African settings, but not all. Say and Raine also emphasise that 
predictors of the utilisation of delivery care are context-dependent [106].  
Determinants of caesareans have rarely been studied in multivariable models in sub-
Saharan Africa (though crude caesarean rates stratified by maternal characteristics are 
presented in Demographic and Health Surveys), but those identified in the literature are 
similar to determinants of facility delivery. Older women, primiparas, urban residents, 
more educated women and richer women are more likely to have a caesarean in 
several (but not all) low- and middle-income country settings [11, 156-158]. In Senegal 
and Mali, older and nulliparous women were more likely to deliver by caesarean than 
younger and multiparous women, respectively [158]. Certain hospital-level factors, 
including availability of intensive care units and 24-hour anaesthetist presence, were 
also found to increase the likelihood of caesarean delivery across institutions [158]. 
Factors associated with facility delivery and caesarean section tend to be associated in 
the opposite direction with maternal mortality, as high parity, rural residence and low 
education are predictive of maternal deaths [159-163], reflecting the fact that women 
with better access to delivery care are less likely to die during childbirth. One exception 
is older age at birth, which is positively associated with maternal mortality, as well as 
with facility and caesarean delivery [159, 160, 162]. These associations are less 
consistent than for determinants of delivery care utilisation, perhaps because most 
studies are not powered to detected differences in maternal mortality between 
subgroups: for instance, in the Tanzanian highlands, there was no difference in 
mortality according to maternal education [163].  
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Maternal education, relative wealth and residence have thus been shown to be 
associated with facility and caesarean delivery in most studies in sub-Saharan Africa, 
though other determinants vary between studies. This observed difference has been 
attributed to methodological differences between studies (particularly how socio-
demographic variables are measured and which variables are adjusted for), as well as 
differences in social context [106, 155]. Use of facility delivery care is shaped by 
sociocultural behaviours as well as context-specific patterns of access to care: for 
example, some studies suggest a strong interaction between wealth and female 
autonomy, suggesting that autonomy may not increase the likelihood of facility delivery 
without access to financial resources [108].  
Findings from chapter 2 showed a large within-country variation in the caesarean rate 
in many sub-Saharan African countries, including Ghana. Though determinants of 
facility deliveries and caesareans have been described in the Demographic and Health 
Survey report for Ghana nationally [164], examining the determinants of facility 
deliveries, caesareans and pregnancy-related mortality in the Brong-Ahafo region of 
Ghana is crucial to understanding access to care in the study area, as well as 
interpreting results in subsequent chapters of this thesis. Moreover, it is important to 
assess whether differences in the utilisation of delivery care across socio-economic 
groups result in differences in the case-mix among hospital deliveries. 
4.1.1. Objectives 
The overall objective of this chapter is to understand the context of delivery care and 
maternal health in central Ghana, in order to inform the interpretation of analyses on 
the unmet need for caesareans in subsequent chapters.  
The primary objective is to examine the socio-demographic determinants of facility 
delivery, caesarean section and pregnancy-related death in the Brong-Ahafo region of 
Ghana. Secondary objectives are to: 
- describe the causes of pregnancy-related deaths for all deaths in the study 
area and among deaths in hospital; 
- describe the prevalence of obstetric complications for all hospital deliveries; 
- determine whether the prevalence of obstetric complications varies with 
maternal education, and interpret any variation in light of differences in 
facility delivery and caesarean rates.   
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4.2. Methods 
4.2.1. Study setting 
The data used for this study are drawn from the ObaapaVitA trial, which took place 
between 2000 and 2008 in the Brong-Ahafo region of central Ghana.  
Ghana is a small West African country with an estimated population size of 25 million in 
2012 [165]. Most of the population is concentrated in the southern regions of the 
country. A lower-middle income country, Ghana has a history of political stability and a 
fast growing economy, though 29% of the population lived with less than $1.25 per day 
in 2006 [165]. Ghana is home to over 75 ethnic groups, among which the largest are 
the Akans (47.5% of the population), the Mole Dagbani (16.6%) and the Ewe (13.9%). 
The two predominant religions are Christianity and Islam, representing 71% and 18% 
of the population respectively. Around half (51%) of the population live in urban areas. 
The total fertility rate is moderately high at 4.0 children per woman, and 57% of births 
occurred in a health facility (health centre or hospital) in 2008 [164], though the range 
of delivery care available in these facilities probably varied substantially. The maternal 
mortality ratio has declined from 760 maternal deaths per 100,000 live births in 1990 to 
380 in 2013, representing an annual decline of 2.9% [166]. This is short of the 5.5% 
needed to achieve Millennium Development Goal 5 of a 75% reduction in maternal 
mortality [166].  
In an attempt to increase skilled attendance at delivery, the Government of Ghana 
rolled out a fee exemption policy for delivery care nationally in April 2005 for both 
uncomplicated and complicated deliveries, including caesareans [167]. In the same 
year, the National Health Insurance Scheme (NHIS) was also introduced at the national 
level, which aimed to remove point-of-care charges for patients and increase equity in 
access to a range of health services [168]. Membership is compulsory, though many 
Ghanaians remained uninsured several years after the introduction of the NHIS. 
Funding issues with the fee exemption policy meant that, in some regions, facilities re-
introduced user fees and women who were not covered by the NHIS had to pay for 
delivery care. This prompted the Government to replace the fee exemption policy with 
free NHIS enrolment for all pregnant women in July 2008, which also covers charges 
for all deliveries including caesareans [168]. 
Data for this study were collected in the Brong-Ahafo region of central Ghana, which is 
situated approximately a ten-hour drive away from the capital city of Accra, and four 
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hours away from the nearest teaching hospital in Kumasi. Brong-Ahafo has a 
population of 2.3 million and 45% of the population live in urban areas, according to the 
2010 national census [169]. The only city is the regional capital, Sunyani, and there are 
several major towns in the region; many people classified as residing in “urban” areas 
in Brong-Ahafo live in semi-rural towns. The infrastructure in the region – including 
roads, schools and hospitals – is generally poor, and the primary economic occupation 
in the area is subsistence farming, as well as employment on commercial farms 
(including cocoa and timber farms) [170].  
A higher proportion of deliveries occurred in health facilities than in Ghana as a whole 
(65% compared with 57% nationally) and the region has the highest NHIS coverage in 
the country; however, the caesarean rate was lower in Brong-Ahafo (5% compared 
with 7% nationally) [164]. Estimates from the 2010 census suggest that the pregnancy-
related mortality ratio in Brong-Ahafo is lower than the national average (422 per 
100,000 compared with 485 per 100,000) [91, 169], though the stillbirth rate appears to 
be higher (35 per 1,000 in the study area compared with 22 per 1,000) [171, 172]. HIV 
prevalence is around 2% in Brong-Ahafo [173]. Based on the 2003 Demographic and 
Health Survey dataset, 1% of women aged 15-49 years had experienced female 
genital mutilation in Brong-Ahafo, compared with 7% nationally. 
4.2.2. Access to delivery care in the study area 
The ObaapaVitA trial, from which these data are drawn, took place in four districts in 
the Brong-Ahafo region (Kintampo, Nkoranza, Techiman and Wenchi). During the time 
period covered by these data, one district hospital in each district was equipped to 
perform caesareans (four hospitals in total). No other public or private facilities in the 
study area provided surgical care in the study period: there were three other hospitals 
in the study districts (two of which were private facilities), but they did not possess 
surgical capacity. However, other district hospitals performing surgery in neighbouring 
districts were accessible to women in the study area, located in Sunyani and Berekrum 
towns, as well as a teaching hospital in the city of Kumasi.  
In total, 72 health facilities provided maternity care in the study area between 2005 and 
2008, though the number of facilities operational at one time fluctuated, since some 
private facilities opened and closed during the study period. Based on women’s 
reports, in addition to the seven hospitals mentioned above, there were at least 38 
health centres performing deliveries, as well as 11 private maternity homes (managed 
by the Ghana Registered Midwives Association), 12 clinics and health posts, and four 
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private clinics. A map of the study area showing the main towns and hospitals 
performing surgery is shown in Figure 4.1.  
An assessment of health facilities operational in the study area in 2010 found that 
quality of care was generally low, particularly for emergency obstetric care [174]. Of the 
64 facilities providing delivery care, 58% were considered to have substandard quality 
of emergency obstetric care based on the availability of WHO signal functions 
(including parenteral antibiotics, manual removal of the placenta and instrumental 
vaginal delivery) [7]. The assessment found that most facilities designated as hospitals 
performed caesareans and blood transfusions, but almost none of the lower level 
facilities. Most health centres, clinics and maternity homes provided parenteral oxytocin 
and anti-convulsants, as well as manual removal of the placenta; however, very few 
lower level facilities performed manual removal of retained products or assisted vaginal 
delivery, and fewer than half of health centres and maternity homes provided 
antibiotics. Three quarters of facilities reported monitoring labour with a partograph, 
but, only 41% of facilities demonstrated a correctly filled partograph and had a clock in 
the delivery room to measure the duration of labour [174]. Although this assessment 
was carried out after the ObaapaVitA study period, it indicates that delivery care was 
substandard in a large number of facilities in the study area.  
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Figure 4.1 Map of study districts showing location of hospitals 
 
 
4.2.3. ObaapaVitA study design 
The ObaapaVitA trial was a cluster-randomised, double-blind, placebo-controlled trial 
conducted in the Brong-Ahafo region of Ghana. The primary aim of the  trial was to 
“assess the effect of low-dose weekly vitamin A supplementation in women of 
reproductive age on pregnancy-related mortality and all-cause female mortality” [175]. 
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Secondary outcomes of interest included maternal morbidity, and perinatal and infant 
mortality.  
Full details on the design of the ObaapaVitA trial and the data collection methods are 
described in the article reporting the main study findings [175]. All women aged 15-45 
capable of giving informed consent and planning to reside in the study area for at least 
3 months after enrolment were eligible for inclusion. Once enrolled, women remained 
under surveillance until they moved out of the study area or died. Enrolled women also 
remained in the trial after age 45, as the reporting of age is known to be relatively 
inaccurate in the study area. The study area was divided into 1086 clusters of 
contiguous compounds in 272 fieldwork areas, with randomisation blocked such that 
two clusters in each fieldwork area were allocated to vitamin A and two allocated to 
placebo. Women were randomly assigned, according to their cluster of residence, to 
receive weekly vitamin A or placebo capsules. Information about the trial was provided 
during home visits by fieldworkers, and women gave their consent by signing the 
enrolment form or making a thumbprint. Ethical approval for the trial was obtained from 
the Ghana Health Service (the agency responsible for implementing national health 
policies in Ghana) and the London School of Hygiene and Tropical Medicine. 
Capsule distribution started between December 2000 and January 2003 according to 
district, and distribution ended in September 2008 in all districts.  
4.2.4. Data collection  
Fieldworkers visited each compound every four weeks, to distribute study capsules and 
collect data on pregnancies, births and deaths. At the first home visit after delivery, 
data were collected from the mother on place of delivery, delivery characteristics and 
perinatal outcomes, for both home and facility deliveries (BIRTH form). The status of 
the mother and infant at the end of the postpartum period was ascertained through the 
regular surveillance, with an additional 6 weeks of surveillance to obtain follow-up to 
the end of the postpartum period for the births in the final month of the trial. 
Socio-demographic information (including marital status, education, and fertility history) 
was collected in a random sample of 40 enrolled women per week (PROFILE form). 
From June 2003, detailed socio-demographic information was also collected from all 
women following a live or stillbirth, and this data collection was extended in May 2005 
to all women as soon as they reported their pregnancy to their fieldworker. This 
PROFILE form also collected information on household assets, including ownership of 
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livestock, electrical items, vehicles, and dwelling characteristics such as floor and wall 
materials.  
Verbal post-mortems (VPM) were undertaken by field supervisors for all deaths in 
women of reproductive age (VPM form). Close relatives or friends who had cared for 
the deceased during their final illness were interviewed, usually around 6 weeks after 
the death. The questionnaires were based on WHO standard questionnaires, and 
included questions on the circumstances surrounding the death, signs and symptoms, 
as well as an open history. In order to obtain a cause of death, the forms were 
reviewed by two doctors who independently determined whether the woman was 
pregnant or had recently delivered, and then assigned a cause of death. In the event 
that they disagreed, the VPM was reviewed by a third doctor and pregnancy status and 
cause of death were assigned based on a consensus between two of the doctors. If 
there was no consensus, an obstetrician reviewed the VPM and assigned pregnancy 
status and cause of death. A single cause of death was assigned for all deaths. 
In addition, the ObaapaVitA trial collected data from May 2005 on the labour and 
maternity wards of the four main district hospitals in the study area for admissions 
during pregnancy, delivery or postpartum for all trial participants (HOSPITAL form), 
which were linked to the community-based data. Extensively trained field supervisors 
based at the four study hospitals oversaw the prospective collection of clinical 
information, using a pre-coded data extraction form. Data were extracted from patient 
records and admission and discharge registers on hospital diagnoses, management, 
indications for obstetric surgery, and pregnancy outcomes. At a minimum, the 
discharge diagnosis was recorded for all deliveries with complications, and an effort 
was also made to capture any other diagnoses recorded in the medical notes, at any 
point during the hospital stay. As many diagnoses as applicable could be selected from 
an extensive pre-coded list of complications. Cause of death was ascertained by 
doctors at the hospital for women who died during admission, based on a pre-coded 
list. As with the VPM, a single cause of death was assigned in each case. Weekly 
supervisory visits by a doctor from the trial management team were made to all of the 
hospitals, at which time the data collected for as many admissions with complications 
as possible (i.e. excluding spontaneous vaginal delivery) were reviewed using the 
medical notes. Detailed information on the classifications used for obstetric 
complications, indications for obstetric surgery and cause of death are presented in 
section 4.2.6 below. 
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Table 4.1 summarises the information collected in each data collection form, including 
the data source. The PROFILE, BIRTH, HOSPITAL and VPM forms are included in 
Appendix E: ObaapaVitA data collection forms.  
Table 4.1 Data collection forms and information collected in ObaapaVitA trial 
Form 
Source and time of data 
collection 
Information collected 
PROFILE 
Woman’s interview 
during pregnancy 
(sometimes after 
delivery) 
 Maternal socio-demographic information 
(age; educational attainment; marital status; 
ethnicity; religion) 
 Household assets (including source of 
water; electricity; ownership of livestock, TV 
and mattress; dwelling characteristics) 
 Maternal reproductive history (number of 
live births, stillbirths and abortions; previous 
caesarean and instrumental delivery) 
BIRTH 
Woman’s interview 
during first home visit 
after delivery 
 Delivery information (place of delivery; 
mode of delivery; birth attendant) 
 Perinatal outcomes (live or stillbirth) 
HOSPITAL 
Data extraction from 
hospital records after 
discharge 
 Delivery information (mode of delivery; 
obstetric surgery; fetal presentation) 
 Diagnoses of obstetric complications 
(including dystocia, hypertensive diseases, 
haemorrhage, postpartum infection, and 
other obstetric and non-obstetric 
complications)  
 Maternal outcomes (maternal death; cause 
of maternal death) 
VPM 
Interview with close 
friends or relatives, 
approximately 6 weeks 
after death 
 Pregnancy status at death 
 Signs and symptoms 
 Open history 
 
4.2.5. Selection of sample for study 
The main sample used in this analysis consisted of all deliveries (live births and 
stillbirths after 22 weeks gestation) in the study population between 1st June 2005 and 
9th October 2008, including pregnancy-related deaths where the mother died 
undelivered in late pregnancy.  The study period was chosen because more extensive 
hospital data collection was introduced in June 2005, and the last deliveries with follow-
up for 42 days postpartum occurred on 9th October 2008.  
Early pregnancy losses and deaths were excluded from the sample since caesareans 
are not useful for treating pregnancy complications at this stage. The 22-week 
threshold used to distinguish stillbirths from miscarriages was ascertained based on the 
reported date of the last menstrual period (ultrasound scans in early pregnancy were 
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not routinely used in the study area). The main sample included pregnancy-related 
deaths where the mother died undelivered in the second or third trimester of 
pregnancy, since it was not possible to ascertain timing of death more precisely. The 
second trimester includes 13 to 28 weeks gestation, therefore some pregnancy-related 
deaths in the main sample will have occurred before 22 weeks. I excluded eight women 
who died undelivered with unknown gestational length from the sample. The main 
sample of deliveries was used to address two primary objectives of this chapter 
(examining risk factors for facility delivery and caesareans in the population).  
A separate sample was used to analyse pregnancy-related deaths, consisting of all 
deliveries after 22 weeks and all pregnancy-related deaths, regardless of gestational 
age, in the study period and population (i.e. the main sample plus pregnancy-related 
deaths in the first trimester). This sample was used to address the remaining primary 
objective for this chapter (examining risk factors for pregnancy-related deaths in the 
population), and to describe causes of death in the study population.  
I also selected a sub-sample of hospital deliveries to describe obstetric complications 
and pregnancy-related deaths in hospitals. This sample included all deliveries after 22 
weeks or postpartum admissions with a district hospital record in the study area, during 
the study period. 
Section 4.3.1 describes the main sample and hospital sub-sample of deliveries used in 
chapters 4, 5 and 6 of this thesis.  
4.2.6. Definition of outcomes 
Facility delivery 
Women who reported delivering in a district/regional hospital, a government clinic or a 
private/maternity home were coded as having a facility delivery. Women who reported 
delivering at home but who had a hospital record were included under facility 
deliveries. In the event of multiple pregnancy, the delivery of any baby at one of these 
health facilities was considered a facility delivery.  
Caesarean section 
Two sources existed for information on mode of delivery:  
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 Maternal self-report for all deliveries [“Was this baby born via a normal delivery 
through the vagina?” Response options: “Normally, through the vagina”, “Baby 
was pulled with an instrument”, “By caesarean section”, “Other, specify”]  
 Hospital record for hospital deliveries only [“How was the [first/second/third] 
baby delivered?” Response options: “Normally through the vagina”, “Forceps”, 
“Vacuum”, “Emergency caesarean section”, “Elective caesarean section”, “Not 
applicable”]  
Hospital deliveries were coded as caesareans if the mode of delivery was recorded as 
emergency or elective caesarean in the hospital records. Deliveries occurring outside 
of the four district hospitals in the study area were coded as caesareans if the woman 
reported delivering by caesarean, with the following exceptions. Caesareans reported 
to have occurred at home were recoded as vaginal deliveries [112]. Deliveries reported 
as caesareans occurring in health centres (without surgical capacity) were recoded as 
missing information for mode of delivery, because it was not possible to determine 
whether women had misreported the mode or place of delivery. For multiple 
pregnancies, a caesarean for any of the fetuses was recorded as a caesarean delivery. 
Classification of obstetric complications 
The hospital form recorded information on diagnoses during admission, and as many 
diagnoses as applicable could be listed for one delivery.  
Table 4.2 presents the classification of delivery complications used in this study. I 
grouped 84 available diagnoses into 35 broader categories of complications (for 
instance, grouping frank breech and footling breech together under “breech 
presentation”). These were further organised under seven headings: dystocia, 
haemorrhage, hypertension, infection, other obstetric complications, other non-obstetric 
complications, and fetal complications.  
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Table 4.2 Classification of delivery complications 
Categories Available diagnoses 
DYSTOCIA 
Obstructed labour Obstructed labour 
Cephalopelvic disproportion 
Cephalopelvic disproportion (CPD) 
Macrosomia 
Cervical/vaginal dystocia 
Cervical stenosis, cervical dystocia 
Vaginal stenosis, vaginal rings 
Prolonged labour (cause unspecified) Prolonged labour 
Breech presentation 
Breech presentation, frank breech 
Foot or footling breech 
Malpresentation 
Transverse lie 
Oblique lie 
Face presentation 
Brow presentation 
Other dystocia 
Shoulder dystocia 
Compound presentation 
Other dystocia 
HAEMORRHAGE 
Uterine rupture or pre-rupture 
Uterine rupture 
Pre-uterine rupture, Bandl’s ring 
Antepartum haemorrhage from major 
placenta praevia 
Partial placenta praevia, placenta praevia type III 
Complete placenta praevia, placenta praevia type IV 
Other antepartum haemorrhage 
ANY Antepartum haemorrhage [excluding placenta 
praevia type III or IV] 
Low lying placenta, placenta praevia types I or II 
Unspecified placenta praevia 
Placental abruption 
Unspecified antepartum haemorrhage 
Postpartum haemorrhage 
ANY Postpartum haemorrhage 
Uterine atony 
Retained placenta 
Retained products 
Placenta accreta 
Inverted uterus 
Perineal tear 
Vaginal tear 
Cervical tear 
Disseminated intravascular coagulation (DIC) 
Unspecified postpartum haemorrhage 
HYPERTENSION 
Pregnancy-induced hypertension Pregnancy-induced hypertension 
Pre-eclampsia Pre-eclampsia 
Eclampsia Eclampsia 
INFECTION 
Septicaemia/sepsis 
Septicaemia, sepsis 
Septic shock 
Wound infection 
Wound infection (post-caesarean) 
Wound infection (post-tear, post episiotomy) 
Other postpartum infection 
Endometritis 
Salpingitis 
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Categories Available diagnoses 
Peritonitis 
Other postpartum infection 
Malaria Malaria 
HIV HIV 
Other infection 
Tuberculosis 
Meningitis 
Pneumonia 
Urinary tract infection 
Gastroenteritis 
OTHER OBSTETRIC COMPLICATIONS 
Embolism 
Pulmonary embolism 
Amniotic fluid embolism 
Premature labour Premature labour 
Premature rupture of membranes Premature rupture of membranes 
False labour False labour 
Hyperemesis gravidarum Hyperemesis gravidarum 
OTHER NON-OBSTETRIC COMPLICATIONS 
Diabetes Diabetes 
Sickle cell disease Sickle cell disease 
Anaemia 
ANY Anaemia 
Anaemia associated with malaria 
Anaemia associated with haemorrhage 
Anaemia associated with sickle cell disease 
Unspecified anaemia 
Injury 
ANY Injuries 
Assault 
Self-induced 
Snake bite 
Road traffic accident 
Other injury 
Other non-obstetric complication 
Asthma 
Cerebrovascular accident 
Epilepsy 
Hepatitis 
Other non-obstetric complication 
FETAL COMPLICATIONS 
Fetal distress Fetal distress 
Meconium staining Meconium staining 
Amniotic fluid conditions 
Hydramnios, Polyhydramnios 
Oligoamnios 
Cord prolapse Cord prolapse 
Cord around the neck Cord around the neck 
 
Pregnancy-related death 
Pregnancy-related death was defined in the ObaapaVitA trial as “the death of a woman 
while pregnant or within 42 days of termination of pregnancy, irrespective of the cause 
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of death,” in accordance with the International Classification of Diseases version 10 
(ICD-10) definition [166]. Pregnancy-related mortality was favoured over maternal 
mortality due to the known difficulties in ascertaining the cause of death and the lack of 
evidence regarding which non-obstetric causes are aggravated by pregnancy [166, 
176, 177]. I calculated the pregnancy-related mortality ratio as the total number of 
deaths during pregnancy or within 42 days postpartum, divided by the total number of 
deliveries (live births and stillbirths after 22 weeks gestation). Deaths in early 
pregnancy were included in the calculation of pregnancy-related mortality as they are 
an important proportion of pregnancy-related deaths, even though they were not 
included in the main sample for this analysis.  
Timing of pregnancy-related deaths 
The timing of pregnancy-related deaths was ascertained based on several data 
sources. Postpartum deaths were classified into week 1, weeks 2-3 and weeks 4-6 
after delivery based on the reported dates of delivery and death, which were obtained 
during monthly home visits, as well as hospital records for hospital deliveries. Women 
recorded as dying as a result of ectopic pregnancy or abortion were classified as 
deaths before 22 weeks gestation. Timing of deaths in pregnancy was ascertained by 
doctors based on VPM information; deaths thought to have occurred in the first 
trimester were categorised as deaths before 22 weeks, while those occurring in the 
second and third trimester were classified as deaths after 22 weeks (including the day 
of delivery). In cases where the timing of death relative to gestational age was unclear 
for the doctors after reviewing the VPM information, timing of death was ascertained 
based on the VPM report by friends or relatives of the deceased. It was not possible to 
distinguish women who died in labour among deaths after 22 weeks, since the doctors’ 
assessment did not specify the labour status, and relatives’ reports were considered 
unreliable. Estimated timings of death were not specific enough to allow for calculating 
pregnancy-related mortality ratios for distinct time periods during pregnancy and 
postpartum.  
Classification of VPM and hospital causes of pregnancy-related death  
Based on information collected in the VPM form, doctors assigned a single cause 
among 52 pre-coded causes to each pregnancy-related death, including an “Uncertain” 
category. In the hospital form, cause of death was coded as one of 19 options, 
including an “Unknown” category.  
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Table 4.3 presents the classification of cause of pregnancy-related deaths used in this 
study, based on the causes available in the hospital form and the VPM form. Individual 
causes were grouped into 27 broader categories. An attempt was made to group 
causes of death under headings consistent with the ICD-10 classification of causes of 
pregnancy-related death [178], though it was not possible to assign some available 
codes to the ICD-10 causes (for example, “infection-related excluding malaria” could 
correspond either to an indirect maternal or coincidental death). Some broad hospital 
causes of death were classified into more specific causes based on available 
complications data. Deaths from “haemorrhage” were classified as antepartum, 
postpartum, or timing unknown based on diagnoses; deaths “post-caesarean” were 
classified as deaths from anaemia if they had a diagnosis of anaemia (but no diagnosis 
of sepsis or haemorrhage); deaths coded as “infection-related excluding malaria” were 
recoded as deaths from HIV/AIDS or postpartum sepsis if they had a diagnosis of HIV 
or sepsis and died postpartum, respectively. The VPM cause of death was recoded to 
match the hospital cause of death in the event of discrepancies for women who died in 
hospital, because the hospital cause of death was considered more valid than that 
assigned based on VPM. 
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Table 4.3 Classification of cause of pregnancy-related deaths 
Causes of death used in 
this study 
Available causes – Hospital 
cause of death 
Available causes – VPM 
cause of death 
EARLY PREGNANCY LOSS     
Abortion 
Induced abortion Induced abortion 
Ectopic Spontaneous abortion 
Molar pregnancy Abortion, cause unknown 
Abortion, cause unknown Other early pregnancy loss 
DYSTOCIA     
Obstructed labour Obstructed labour 
Other obstructed labour 
(non-rupture) 
HAEMORRHAGE     
Uterine rupture Uterine rupture Uterine rupture 
Antepartum haemorrhage 
Haemorrhage, with diagnosis 
of antepartum haemorrhage 
Antepartum haemorrhage 
Postpartum haemorrhage 
Haemorrhage, with diagnosis 
of postpartum haemorrhage 
Postpartum haemorrhage 
Haemorrhage, timing 
unknown 
Haemorrhage, with missing 
diagnosis of haemorrhage 
Haemorrhage, timing 
unknown 
HYPERTENSION     
Hypertension Eclampsia 
Hypertensive diseases of 
pregnancy 
OTHER OBSTETRIC COMPLICATIONS 
Embolism 
Pulmonary embolism Pulmonary embolism 
Amniotic fluid embolism Amniotic fluid embolism 
COMPLICATIONS OF MANAGEMENT 
Post-caesarean 
Post-caesarean, with no 
diagnosis of anaemia 
- 
Bowel obstruction Bowel obstruction - 
INFECTION     
Postpartum sepsis 
Infection-related excluding 
malaria, with diagnosis of 
postpartum sepsis 
Sepsis after caesarean 
Other postpartum sepsis 
Tetanus - Tetanus 
Malaria Malaria Malaria 
HIV/AIDS  
Infection-related excluding 
malaria, with diagnosis of HIV 
infection 
HIV/AIDS 
Other infection (excluding 
sepsis, malaria and 
HIV/AIDS) 
Infection-related excluding 
malaria, with no diagnosis of 
postpartum sepsis or HIV 
Tuberculosis 
Meningitis 
Hepatitis 
Respiratory infection (not 
tuberculosis) 
Cellulitis 
Intestinal infection (including 
typhoid) 
Rabies 
Chicken pox 
Respiratory 
Infection, cause unknown - Fever of unknown origin 
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Causes of death used in 
this study 
Available causes – Hospital 
cause of death 
Available causes – VPM 
cause of death 
- 
Septicaemia, cause 
unknown 
- Abscess 
- Unknown infection 
- Other infection 
OTHER CAUSES      
Diabetes - Diabetes 
Hepatorenal failure - 
Renal failure 
Liver failure 
Sickle cell disease Sickle cell crisis Sickle cell disease 
Anaemia 
Severe anaemia 
Post-caesarean, with 
diagnosis of postpartum 
sepsis 
Anaemia 
Mental illness - Mental illness 
Non-communicable disease 
Chronic illness Digestive disease 
  Breast cancer 
  Other cancer 
  Epilepsy 
  Cardiovascular disease 
Injury Injury related External 
UNKNOWN/UNDETERMINED   
Not known/no information 
Not known, no information Unattended death 
  No respondent 
Undetermined 
Uncertain Uncertain 
  Acute abdomen 
  Instantaneous death 
  
Death within 24hrs of 
symptoms 
  No significant pathology 
  Other non-infectious illness 
  Other 
Note: this table indicates which hospital and VPM causes of death (separately) are included under the joint 
classification of cause of death. Two hospital and VPM causes on the same line are not necessarily 
considered equivalent. 
 
Stillbirth 
Stillbirths were defined in the ObaapaVitA trial as any baby born dead after 22 weeks 
gestation, who did not move, cry or breathe after birth. Among hospital deliveries, 
stillbirths were ascertained from medical records based on the birth attendant’s 
evaluation. Among other deliveries, stillbirths were ascertained by maternal report 
[“Was the baby born alive i.e. did it cry or move or breathe after birth?”]. The stillbirth 
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rate was calculated as the ratio of stillbirths to all births (stillbirths and live births after 
22 weeks). 
4.2.7. Definition of exposures 
Maternal age 
Maternal age was calculated based on self-report on enrolment into the trial. Age at 
pregnancy was then calculated. In this analysis, age is classified in 5-year age groups, 
from 15-19 to 35-39, except for the last interval of 40 and above.  
Ethnic group 
Women were asked what ethnic group they belong to, with 12 response options 
including “Other”. Ethnic group was classified as “Akan” or “Other” because the Akan 
represented the largest and most privileged group in the study area. 
Marital status 
Women were asked “Are you currently single, married, or living with a man, or are you 
widowed, divorced or separated?” This variable was coded in the dataset into five 
categories (Married, Co-habitating, Widowed/divorced/separated, Single, Unknown).  
Maternal education 
Women were asked to report their highest educational level reached. The eight 
response options in the questionnaire were recoded into five categories in the dataset 
(None, Primary school, Secondary school, Post-secondary school, Unknown).  
Wealth quintile 
Wealth quintile was calculated according to the method used in the Demographic and 
Health Surveys for Ghana, as described by Gwatkin et al. [179] and in chapter 2 
(section 2.1.3). In the ObaapaVitA study, asset scores were calculated using individual 
women as the unit of analysis (rather than households as in the DHS). Asset scores 
were calculated for the random sample of women of reproductive age on whom asset 
information was collected, and population level cut-offs for the wealth quintiles were 
calculated. Asset scores were then calculated for all pregnant women in the study area, 
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and the population-level quintile cut-offs were used to assign each pregnant woman 
into wealth quintiles  
District and area of residence 
In the study area, women commonly move in the last few months of pregnancy, either 
to go back to their birth family’s home for the delivery or to relatives who live in a major 
town, closer to health facilities. Location of residence (village or town) was ascertained 
in order to best estimate the location at the time of birth, as follows: 
 For hospital deliveries, I used the location where the woman lived at the time of 
delivery (recorded in the hospital form). 
 For deliveries outside of the district hospitals, I used the location where the 
woman lived at the first home visit after delivery (recorded in the routine visit 
form); if this information was missing, I used the location where the woman lived 
at the time of the last home visit before delivery.  
Based on this location, district of residence was coded into the four districts covered by 
data collection at the start of the trial (Kintampo, Nkoranza, Techiman and Wenchi). 
Three of the districts were split into two over the course of the trial period; however, 
district continued to be recorded under four response categories (based on the four 
original district boundaries), in order to standardise the data collection and study 
identifiers.  
Area of residence (“major town” or “small town or village”) was ascertained for the 
same location based on the study team’s classification.  
4.2.8. Statistical analyses 
In order to address the primary objectives of this chapter, the percentage of facility 
deliveries and caesareans, as well as the pregnancy-related mortality ratio, were 
calculated for all deliveries as well as stratified according to demographic 
characteristics (age, parity, ethnic group and marital status), socio-economic 
characteristics (maternal education and wealth quintile), and residence (district and 
area of residence). Maternal education and wealth quintile were cross-tabulated in 
order to assess overlap between these variables as a data quality check, and the 
distribution of deliveries according to wealth, education and urban-rural residence was 
described for each district in order to understand how these varied across the four 
districts.  
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Bivariate logistic regression models were used to calculate crude odds ratios for the 
association between the exposure variables and facility delivery, caesarean and 
pregnancy-related death separately. A multivariable model was then constructed for 
each outcome to examine the change in effect estimates and confidence intervals after 
adjusting for other variables. All socio-demographic and residence variables were 
included as explanatory variables in the multivariable models, and deliveries with 
missing explanatory or outcome data were excluded from the models. Some women 
had more than one delivery during the three-year study period (7.6% of deliveries in the 
sample were repeat deliveries); robust standard errors were used to calculate 95% 
confidence intervals in order to account for clustering at the woman level.  
The secondary objectives of this chapter were addressed by describing the distribution 
of causes of pregnancy-related deaths, separately for all deaths and for deaths 
occurring in hospitals. In light of known limitations of cause of death ascertainment 
based on VPM (see section 4.4.2 below), the quality of VPM cause of death was 
assessed by cross-tabulating it with the timing of death (gestational age) in order to 
determine whether the two were coherent, and with hospital cause of death in order to 
examine the agreement between the two assigned causes of death for women who 
died in hospital. The prevalence of delivery complications was described among all 
hospital deliveries, and stratified according to education, in order to understand how 
differences in access to facility deliveries affect the case mix of women delivering in 
hospitals.  
4.3. Results  
4.3.1. Description of deliveries 
There were 50,289 singleton and multiple deliveries after 22 weeks gestation in the 
study population between 1st June 2005 and 9th October 2008 to 46,484 women. Of 
these, 50,242 were live births and stillbirths occurring after 22 weeks and 47 were 
women who died undelivered in the second or third trimester of pregnancy. The 
stillbirth rate was 31.6 per 1,000 births. 
Figure 4.2 describes the place of delivery for all deliveries in the sample. There were 
20,517 (41%) reported home deliveries. 29,659 (59%) deliveries were reported to have 
occurred in a health facility, of which 14,929 (50.3%) were reported as deliveries in one 
of the four district hospitals in the study area. Of these 14,929 reported hospital 
deliveries, there were hospital records for 13,544 (90.7%) deliveries and no records for 
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1,385 (9.3%). These 1,385 deliveries were considered facility deliveries but were 
excluded from the sample of hospital deliveries. In addition, there were hospital records 
for 342 deliveries which were reported by women as having occurred elsewhere. For 
the purposes of this analysis, these were considered to have occurred in one of the 
four district hospitals in the study area, and were included in the hospital sub-sample. 
The hospital sample thus includes 13,886 deliveries.  
The remaining facility deliveries (n=15,773) primarily occurred in government health 
centres (n=8,354). A substantial number of deliveries took place in private clinics 
(n=3,390, or 11% of the 29,659 reported facility deliveries). These facility deliveries 
include 328 deliveries in hospitals performing surgery outside the study area, and 88 
deliveries in other hospitals without surgical capacity (including two private hospitals).  
 
Figure 4.2 Description of selection for whole sample and sample of hospital deliveries 
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Table 4.4 presents the distribution of the sample according to maternal socio-economic 
characteristics in all 50,289 deliveries. More than half of deliveries in the sample (54%) 
were to women aged 20-29 at the time of delivery. One quarter of deliveries were to 
primiparas and more than 16% of deliveries were to women of parity five or above. The 
Akan were the largest ethnic group, representing 44% of deliveries. More than half of 
deliveries were to women who were married at the time of the pregnancy, and one third 
were co-habitating with their partner. Women who had reached secondary school 
represented the largest group (42%), though over a third of women had no education 
(37%). Less than 1% of women had received post-secondary education (n=469). There 
were 12,228 deliveries to women in the poorest quintile (24%), compared with 8,231 
(16%) in the richest quintile. The level of missing data was very low for all socio-
economic variables (at most 0.47% deliveries with missing information for wealth 
quintile).  
All 13,886 hospital deliveries were classified according to their district of residence as 
recorded on the hospital form. Of the 36,403 deliveries outside the four district 
hospitals, 36,356 (99.9%) were classified according to district of residence at the first 
postnatal visit. The 47 women who died undelivered had missing postnatal district, and 
were classified according to district at the last home visit before delivery. Techiman 
district accounted for 30% of deliveries in the sample, Kintampo and Wenchi districts 
each for a quarter of deliveries, and Nkoranza for 20% of deliveries. The area of 
residence was predominantly small towns or villages (71% in the sample as a whole, 
n=14,504), except in Techiman district where half of women lived in Techiman town.  
Table 4.4 also describes the socio-demographic distribution of deliveries according to 
place of delivery (hospital deliveries, other facility deliveries, and home deliveries). 
There was little difference in maternal age between the three groups of deliveries. 
Women who delivered in the district hospitals and other facilities were more likely to be 
primipara, and less likely to be of higher parity and from the Akan ethnic group, 
compared to women who delivered at home. Women delivering in facilities other than 
the district hospitals were less likely to be married than women delivering in hospital or 
at home.  
Women delivering in hospitals tended to be better educated and have higher 
household wealth: 57% of women had received secondary or post-secondary 
education among hospital deliveries, compared to 52% among other facility deliveries 
and 27% among home deliveries. Among hospital deliveries, 9% of women belonged to 
the poorest quintile and 33% to the richest; these figures were 14% and 19% for 
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deliveries in other facilities and 42% and 3% for home deliveries, respectively. Women 
delivering in the district hospitals were more likely to live in Techiman district, and 
substantially more likely to live in major towns than women delivering in other facilities 
or at home. 
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Table 4.4 Socio-demographic description of deliveries after 22 weeks gestation between 
1st June 2005 and 8th October 2008 (N=50,289) 
Characteristic 
Total 
Hospital 
deliveries 
Other 
facility 
deliveries 
Home 
deliveries 
N % % % % 
Number of deliveries 50,289 - 13,886 15,773 20,517 
Demographic characteristics  
Age at 
pregnancy 
15-19 4,754 9.5 9.4 10.0 9.1 
20-24 13,303 26.5 24.9 27.8 26.5 
25-29 13,965 27.8 27.7 27.7 27.9 
30-34 10,184 20.3 21.3 19.4 20.2 
35-39 5,670 11.3 12.2 10.8 11.0 
40 and above 2,413 4.8 4.5 4.4 5.3 
Parity 
0 11,879 23.6 32.1 26.5 15.7 
1 10,193 20.3 20.8 21.7 18.9 
2 8,524 17.0 16.4 17.2 17.1 
3 6,484 12.9 11.6 12.0 14.5 
4 4,805 9.6 7.7 8.6 11.6 
5+ 8,284 16.5 11.3 13.8 22.0 
Unknown 120 0.2 0.2 0.2 0.3 
Ethnic 
group 
Akan 22,199 44.1 57.1 49.3 31.4 
Other 27,969 55.6 42.7 50.5 68.3 
Unknown 121 0.2 0.2 0.3 0.3 
Marital 
status 
Married 29,531 58.7 59.5 53.3 62.4 
Co-habitating 16,166 32.1 31.3 36.1 29.6 
Widowed/Divorced 1,136 2.3 2.1 2.3 2.3 
Single 3,319 6.6 6.9 8.0 5.4 
Unknown 137 0.3 0.2 0.3 0.3 
Socio-economic characteristics 
Highest 
educational 
level 
None 18,465 36.7 24.3 27.7 52.0 
Primary  10,101 20.1 18.9 20.2 20.7 
Secondary  21,113 42.0 54.6 50.8 26.7 
Post-secondary  469 0.9 2.0 1.0 0.2 
Unknown 141 0.3 0.2 0.3 0.3 
Household 
wealth 
quintile 
Poorest 12,228 24.3 9.3 14.1 42.3 
Poorer 10,582 21.0 12.5 19.1 28.3 
Middle 9,820 19.5 18.7 24.0 16.7 
Richer 9,190 18.3 26.0 23.3 9.1 
Richest 8,231 16.4 33.3 18.6 3.2 
Unknown 238 0.5 0.3 0.8 0.4 
Residence  
District of 
residence 
Kintampo 12,477 24.8 17.7 17.4 35.3 
Nkoranza 9,928 19.7 18.4 18.6 21.5 
Techiman 15,095 30.0 43.3 32.9 18.8 
Wenchi 12,789 25.4 20.6 31.2 24.3 
Area of 
residence 
Major town 14,504 28.8 58.5 27.8 9.5 
Small town or village 35,785 71.2 41.5 72.2 90.5 
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Maternal education and wealth quintile were positively associated in the study 
population (Chi-square p-value<0.001), as expected, though non-negligible variation 
remained in educational attainment within each wealth quintile (Table 4.5). Sixty-five 
percent of deliveries in the poorest quintile were to women who had received no 
education, compared with 15% in the richest quintile. Among deliveries in the poorest 
quintile, only 15% occurred to women with secondary education, compared with 66% in 
the richest.  
Table 4.5 Distribution of deliveries across educational category, according to wealth 
quintile 
Maternal 
education 
Wealth quintile 
Poorest 
(n=12,228) 
Poorer 
(n=10,582) 
Middle 
(n=9,820) 
Richer 
(n=9,190) 
Richest 
(n=8,231) 
No education 65.1 43.6 25.7 22.0 15.3 
Primary 19.7 23.2 22.5 19.2 14.9 
Secondary 15.0 32.8 51.3 57.7 65.6 
Post-
secondary 
0.0 0.2 0.4 0.8 3.9 
 
The wealth, educational and urban-rural distribution of deliveries also varied according 
to district of residence (p<0.001 for all, Table 4.6). Kintampo district had the largest 
percentage of deliveries in the poorest quintile (39.5%) and the smallest percentage in 
the richest quintile (8.3%), compared with 11.1% and 26.2%, respectively, in Techiman. 
Half (51.7%) of deliveries in Kintampo were to women with no education, while half 
were to women with secondary education in Nkoranza and Techiman (48.4% and 
49.2%, respectively). Techiman also had the most urban population, with 48.4% of 
deliveries among women living in major towns, compared with 18.2-22.7% in the three 
other districts. 
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Table 4.6 Distribution of deliveries across wealth quintile, educational level and 
residence, according to district of residence 
  
Kintampo Nkoranza Techiman Wenchi 
Total deliveries 12,477 9,928 15,095 12,789 
Wealth quintile  
 Poorest 39.5 24.8 11.1 24.8 
 Poorer 27.4 20.5 15.1 22.2 
 Middle 14.2 25.1 20.2 19.6 
 Richer 10.4 16.5 27.1 17.0 
 Richest 8.3 13.0 26.2 15.3 
Maternal education  
No education 51.7 27.5 30.1 37.0 
Primary 19.3 23.0 19.2 19.7 
Secondary 27.9 48.4 49.2 42.2 
Post-secondary 0.7 0.9 1.2 0.9 
Area of residence 
Major town 22.7 20.5 48.4 18.2 
Small town or village 77.3 79.5 51.6 81.8 
 
4.3.2. Determinants of facility deliveries 
There were 29,659 facility deliveries, and the percentage of deliveries occurring in a 
health facility was 59%. Table 4.7 presents facility delivery rates stratified according to 
maternal socio-demographic characteristics, as well as the unadjusted and adjusted 
odds ratios of facility delivery. This analysis is based on the main sample of deliveries, 
and excludes 66 deliveries with missing information on place of delivery and 47 women 
who died undelivered, as well as deliveries with missing socio-demographic data. 
Facility delivery rates varied by parity, ethnicity and marital status, but not by age. The 
percentage of facility deliveries increased sharply with educational level, from 42% 
among women with no education to 93% among those with post-secondary education. 
Similarly, facility delivery rates rose from 29% in the poorest quintile to 92% in the 
richest. There was wide variation according to district of residence, ranging from 42% 
facility deliveries in Kintampo to 74% in Techiman. Women living in major towns had 
almost double the percentage of facility deliveries compared with those living in small 
towns or villages (86% compared with 48%). This variation was also found within each 
district (see Figure 4.3 on page 135).   
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After controlling for socio-demographic and residence variables, the odds of facility 
delivery increased with age and decreased with parity, while the associations with 
ethnic group were maintained. The association between facility delivery and maternal 
socio-economic status showed a similar pattern in the unadjusted and multivariable 
models, though the odds ratios were reduced: after controlling for other risk factors, 
women with post-secondary education had 3.10 (95% CI: 2.15-4.46) times the odds of 
facility delivery of women with no education, and the adjusted odds ratio for facility 
delivery was 7.17 (95% CI: 6.45-7.97) in the richest quintile compared to the poorest. 
The relationship between facility delivery and residence was also maintained, with 
reduced magnitude. 
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Table 4.7 Crude and adjusted odds ratios of risk factors for facility delivery (n=49,834 in 
adjusted model) 
Risk factor N 
% 
facility 
delivery 
Crude odds ratio 
(95% CI) 
Adjusteda odds 
ratio (95% CI) 
Demographic characteristics  
Age group 
15-19  4,740 61 1.07 (1.00-1.15) 0.91 (0.84-0.99) 
20-24 13,278 59 1 (ref) 1 (ref) 
25-29 13,936 59 0.99 (0.95-1.04) 1.26 (1.18-1.34) 
30-34 10,161 59 1.01 (0.95-1.06) 1.56 (1.44-1.68) 
35-39 5,654 60 1.04 (0.97-1.11) 1.89 (1.72-2.07) 
40 and above 2,408 55 0.85 (0.78-0.93) 1.91 (1.69-2.14) 
Parity 
0 11,858 73 1 (ref) 1 (ref) 
1 10,165 62 0.61 (0.57-0.64) 0.49 (0.46-0.53) 
2 8,502 59 0.53 (0.50-0.56) 0.42 (0.39-0.45) 
3 6,465 54 0.44 (0.41-0.47) 0.38 (0.34-0.41) 
4 4,797 50 0.38 (0.35-0.41) 0.36 (0.32-0.39) 
5+ 8,269 45 0.31 (0.29-0.33) 0.36 (0.33-0.39) 
Unknown 120 53 -b -b 
Ethnic 
group 
Akan 22,152 71 1 (ref) 1 (ref) 
Other 27,903 50 0.41 (0.39-0.42) 0.74 (0.70-0.79) 
Unknown 121 54 -b -b 
Marital 
status 
Married 29,472 57 1 (ref) 1 (ref) 
Co-habitating 16,122 62 1.27 (1.22-1.32) 0.98 (0.92-1.03) 
Widowed / 
Divorced  
1,131 57 1.03 (0.92-1.16) 0.84 (0.73-0.98) 
Single 3,317 67 1.55 (1.44-1.67) 1.11 (1.01-1.22) 
Unknown 137 53 -b -b 
Socio-economic characteristics       
Education 
None 18,412 42 1 (ref) 1 (ref) 
Primary  10,075 58 1.89 (1.79-1.98) 1.33 (1.25-1.41) 
Secondary  21,079 74 3.92 (3.75-4.09) 1.73 (1.63-1.83) 
Post-secondary  469 93 18.20 (12.78-26.02) 3.10 (2.15-4.46) 
Unknown 141 52 -b -b 
Wealth 
quintile 
Poorest 12,198 29 1 (ref) 1 (ref) 
Poorer 10,561 45 2.02 (1.91-2.14) 1.47 (1.38-1.56) 
Middle 9,802 65 4.61 (4.35-4.88) 2.38 (2.23-2.55) 
Richer 9,166 79 9.61 (9.00-10.3) 3.60 (3.34-3.89) 
Richest 8,215 92 28.50 (26.08-31.21) 7.17 (6.44-7.98) 
Unknown 238 68 -b -b 
Residence           
District 
Kintampo 12,445 42 1 (ref) 1 (ref) 
Nkoranza 9,910 55 1.73 (1.64-1.83) 1.20 (1.12-1.28) 
Techiman 15,056 74 4.05 (3.84-4.26) 1.84 (1.73-1.96) 
Wenchi 12,765 61 2.17 (2.06-2.29) 1.87 (1.76-1.99) 
Area of 
residence 
Major town 14,468 86 6.92 (6.56-7.31) 3.12 (2.92-3.33) 
Small town or 
village 
35,708 48 1 (ref) 1 (ref) 
aThe adjusted odds ratios control for all risk factors presented in this table 
bDeliveries with missing socio-demographic information were excluded from the crude and adjusted 
models 
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4.3.3. Determinants of caesarean sections 
There were 2,316 caesareans among hospital deliveries. An additional 366 women 
delivering in hospitals outside the study area reported having a caesarean, though 8 of 
these were recoded as vaginal deliveries because they were reported to have occurred 
at home, and 78 were recoded as missing because they were reported to have taken 
place in facilities not equipped to perform caesareans.  The total number of caesareans 
was 2,596, yielding a caesarean rate of 5.2% among all deliveries. The caesarean rate 
in the district hospitals varied between 12% at Kintampo hospital, 14% at Techiman, 
18% at Wenchi and 28% at Nkoranza hospital.  
Table 4.8 presents caesarean rates according to maternal socio-demographic 
characteristics, as well as the crude and adjusted odds ratios for caesarean delivery. 
These analyses are based on the main sample of deliveries, but exclude 404 deliveries 
with missing information on mode of delivery. Deliveries with missing information for 
each socio-demographic variables were excluded from the corresponding bivariate 
model, and from the adjusted model. Caesarean rates varied according to parity and 
ethnic group. Caesarean rates increased steeply with maternal education, from 2.9% 
among women with no education to 14.3% among those with post-secondary 
education, and with household wealth quintile, from 2.3% in the poorest quintile to 
9.9% in the richest. Caesarean rates varied substantially according to residence, 
between 3.1% in Kintampo district and 7.5% in Nkoranza, while women living in major 
towns had more than double the caesarean rate (8.6%) of small towns or villages 
(3.8%). As with facility deliveries, this variation was observed within districts (see 
Figure 4.3): the caesarean rate ranged from 2% in small towns in Kintampo district to 
14% in major towns in Nkoranza district.  
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Figure 4.3 Percentage of facility deliveries and caesareans according to district and 
residence 
 
After adjustment, women were increasingly likely to have a caesarean with older age 
but less likely to deliver by caesarean with rising parity, while the association with 
marital status was no longer significant. Similar to facility delivery, the odds ratio for 
caesarean section by maternal education, wealth quintile and rural-urban residence 
decreased, but remained significant at the 5% level. Women were more likely to deliver 
by caesarean if they lived in Nkoranza or Wenchi districts compared with Kintampo 
district.  
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Table 4.8 Crude and adjusted odds ratios of risk factors for caesarean section (n=49,587 
in adjusted model) 
Risk factor N 
% 
caesarean 
delivery 
Crude odds ratio 
(95% CI) 
Adjusteda odds 
ratio 
Demographic characteristics  
Age group 
15-19  4,726 4.6 0.98 (0.84-1.14) 0.81 (0.69-0.96) 
20-24 13,196 4.7 1 (ref) 1 (ref) 
25-29 13,859 5.1 1.08 (0.97-1.21) 1.43 (1.26-1.62) 
30-34 10,092 5.8 1.23 (1.10-1.39) 2.14 (1.84-2.49) 
35-39 5,621 5.7 1.21 (1.05-1.39) 2.56 (2.13-3.08) 
40 and above 2,391 5.2 1.10 (0.90-1.34) 2.76 (2.17-3.51) 
Parity 
0 11,769 7.5 1 (ref) 1 (ref) 
1 10,128 5.5 0.72 (0.65-0.80) 0.59 (0.52-0.67) 
2 8,460 4.8 0.62 (0.55-0.70) 0.44 (0.38-0.51) 
3 6,432 4.0 0.51 (0.44-0.59) 0.34 (0.29-0.40) 
4 4,774 3.7 0.48 (0.40-0.56) 0.32 (0.26-0.39) 
5+ 8,234 3.5 0.45 (0.39-0.51) 0.32 (0.26-0.38) 
Unknown 120 5.0 -b -b 
Ethnic 
group 
Akan 22,008 7.3 1 (ref) 1 (ref) 
Other 27,788 3.5 0.46 (0.42-0.50) 0.71 (0.63-0.79) 
Unknown 121 5.0 -b -b 
Marital 
status 
Married 29,311 4.8 1 (ref) 1 (ref) 
Co-habitating 16,048 5.7 1.19 (1.09-1.29) 1.00 (0.90-1.10) 
Widowed / 
Divorced 
1,122 5.0 1.04 (0.80-1.37) 0.99 (0.75-1.31) 
Single 3,310 5.5 1.13 (0.96-1.32) 0.99 (0.82-1.18) 
Unknown 137 6.6 -b -b 
Socio-economic characteristics     
Education 
None 18,361 2.9 1 (ref) 1 (ref) 
Primary  10,017 4.6 1.62 (1.42-1.84) 1.19 (1.04-1.37) 
Secondary  20,937 7.2 2.57 (2.32-2.84) 1.34 (1.17-1.52) 
Post-secondary  461 14.3 5.60 (4.23-7.41) 1.68 (1.24-2.27) 
Unknown 141 4.3 -b -b 
Wealth 
quintile 
Poorest 12,172 2.3 1 (ref) 1 (ref) 
Poorer 10,522 3.6 1.60 (1.36-1.87) 1.25 (1.07-1.48) 
Middle 9,758 5.4 2.50 (2.15-2.90) 1.50 (1.27-1.76) 
Richer 9,101 6.4 2.96 (2.56-3.43) 1.52 (1.28-1.80) 
Richest 8,133 9.9 4.82 (4.18-5.55) 1.87 (1.56-2.25) 
Unknown 238 2.9 -b -b 
Residence      
District 
Kintampo 12,383 3.1 1 (ref) 1 (ref) 
Nkoranza 9,855 7.5 2.55 (2.24-2.90) 1.96 (1.71-2.25) 
Techiman 14,931 5.3 1.75 (1.54-1.98) 1.03 (0.90-1.18) 
Wenchi 12,716 5.2 1.71 (1.50-1.95) 1.49 (1.30-1.71) 
Area of 
residence 
Major town 14,328 8.6 2.35 (2.16-2.55) 1.78 (1.60-1.98) 
Small town or 
village 
35,557 3.8 1 (ref) 1 (ref) 
aThe adjusted odds ratios control for all risk factors presented in this table 
bDeliveries with missing socio-demographic information were excluded from the crude and adjusted 
models 
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4.3.4. Determinants of pregnancy-related deaths  
There were 203 deaths during pregnancy (including first trimester), delivery or within 42 
days postpartum, yielding a pregnancy-related mortality ratio of 404 per 100,000 
deliveries (n=50,289). Table 4.9 presents pregnancy-related mortality stratified by 
maternal socio-demographic characteristics, as well as crude and adjusted odds ratios 
for pregnancy-related death. These analyses are based on the main sample plus all 
pregnancy-related deaths, including first trimester deaths. There were no missing data 
for pregnancy-related death, but deliveries with missing socio-demographic information 
were excluded from the adjusted model and corresponding bivariate analyses. In 
particular, 32 (16%) of the 203 deaths were excluded due to missing information on 
wealth quintile.  
There was no clear trend in pregnancy-related mortality according to parity (see Table 
4.9). Widowed, divorced and separated women had a substantially higher mortality 
ratio (968 per 100,000) compared to women of other marital status (318-512 per 
100,000), as did women aged 40 or above (705 per 100,000 compared with 353 
among 20-24 year-olds). Pregnancy-related mortality decreased with rising education, 
from 417 per 100,000 among women with no education to 213 among women with 
post-secondary education, though these differences were not significant. In contrast, 
mortality increased with household wealth, from 278 per 100,000 in the poorest quintile 
to 425 in the richest; these differences were also not statistically significant. There was 
some variation in pregnancy-related mortality across districts: compared with women 
living in Kintampo district, there was no difference in pregnancy-related death for 
Techiman district, though women were less likely to die in pregnancy or postpartum in 
Nkoranza and Wenchi districts. Women in major towns had a relatively higher mortality 
ratio than women in small towns and villages (489 per 100,000 compared with 368); 
there was weak evidence that this difference is statistically significant (p=0.053).  
Pregnancy-related mortality was highest among subgroups where information on socio-
economic variables was missing (including parity, ethnic group, marital status, maternal 
education, and household wealth quintile); in particular, it was 13,445 per 100,000 
deliveries among the 238 deliveries with missing wealth quintile. Deliveries with 
missing socio-demographic information were excluded from the unadjusted and 
adjusted models.  
After adjusting for socio-demographic variables, there was no association between 
pregnancy-related deaths and parity or ethnic group, while the elevated mortality risk 
among co-habitating and divorced women, and women aged 40 or more, became more 
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pronounced. There continued to be no statistically significant association of pregnancy-
related mortality with maternal education or wealth quintile. The association with district 
of residence was maintained, with lower odds of death for women living in Nkoranza 
and Wenchi districts than in Kintampo and Techiman districts. The increased likelihood 
of pregnancy-related death in major towns disappeared after controlling for other socio-
demographic variables.  
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Table 4.9 Crude and adjusted odds ratios of risk factors for pregnancy-related death 
(n=49,972 in adjusted model)  
Risk factor N 
PRMRa (per 
100,000 
deliveries) 
Crude odds ratio 
(95% CI) 
Adjustedb odds 
ratio 
Demographic characteristics  
Age group 
15-19  4,754 421 1.19 (0.70-2.01) 0.95 (0.47-1.91) 
20-24 13,303 353 1 (ref) 1 (ref) 
25-29 13,965 329 0.93 (0.62-1.40) 1.12 (0.65-1.92) 
30-34 10,184 501 1.42 (0.95-2.11) 1.79 (0.99-3.21) 
35-39 5,670 388 1.10 (0.66-1.82) 1.52 (0.70-3.28) 
40 and above 2,413 705 2.00 (1.15-3.48) 2.91 (1.30-6.52) 
Parity 
0 11,879 345 1 (ref) 1 (ref) 
1 10,193 441 1.28 (0.84-1.96) 1.30 (0.77-2.21) 
2 8,524 458 1.33 (0.86-2.06) 1.36 (0.76-2.44) 
3 6,484 386 1.12 (0.68-1.84) 1.12 (0.55-2.28) 
4 4,805 312 0.91 (0.50-1.64) 1.00 (0.45-2.23) 
5+ 8,284 410 1.19 (0.75-1.88) 0.97 (0.45-2.08) 
Unknown 120 3,333 -c -c 
Ethnic 
group 
Akan 22,199 459 1 (ref) 1 (ref) 
Other 27,969 347 0.75 (0.57-1.00) 0.89 (0.61-1.30) 
Unknown 121 3,306 -c -c 
Marital 
status 
Married 29,531 318 1 (ref) 1 (ref) 
Co-habitating 16,166 427 1.34 (0.98-1.83) 1.82 (1.22-2.72) 
Widowed / 
Divorced  
1,136 968 3.06 (1.63-5.72) 4.21 (2.11-8.41) 
Single 3,319 512 1.61 (0.96-2.70) 1.66 (0.76-3.61) 
Unknown 137 8,759 -c -c 
Socio-economic characteristics      
Education 
None 18,465 417 1 (ref) 1 (ref) 
Primary  10,101 376 0.90 (0.61-1.33) 0.80 (0.50-1.30) 
Secondary  21,113 388 0.93 (0.68-1.27) 0.62 (0.39-1.00) 
Post-secondary  469 213 0.51 (0.07-3.66) 0.41 (0.06-2.96) 
Unknown 141 3,546 -c -c 
Wealth 
quintile 
Poorest 12,228 278 1 (ref) 1 (ref) 
Poorer 10,582 331 1.19 (0.74-1.91) 1.17 (0.70-1.97) 
Middle 9,820 367 1.32 (0.82-2.11) 1.45 (0.83-2.53) 
Richer 9,190 337 1.21 (0.75-1.98) 1.28 (0.67-2.45) 
Richest 8,231 425 1.53 (0.96-2.46) 1.99 (0.99-3.98) 
Unknown 238 13,445 -c -c 
Residence         
District 
Kintampo 12,477 489 1 (ref) 1 (ref) 
Nkoranza 9,928 332 0.68 (0.44-1.04) 0.57 (0.35-0.94) 
Techiman 15,095 464 0.95 (0.67-1.34) 0.72 (0.48-1.08) 
Wenchi 12,789 305 0.62 (0.42-0.93) 0.59 (0.37-0.94 ) 
Area of 
residence 
Major town 14,522 489 1.33 (1.00-1.77) 0.90 (0.57-1.44) 
Small town or 
village 
35,827 368 1 (ref) 1 (ref) 
aPregnancy-related mortality ratio 
bThe adjusted odds ratios control for all risk factors presented in this table 
cDeliveries with missing socio-demographic information were excluded from the crude and adjusted 
models 
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4.3.5. Timing and causes of pregnancy-related deaths in the population  
Figure 4.4 presents the proportional distribution of all pregnancy-related deaths in the 
population according to time since delivery. Based on VPM ascertainment, 29% of 
pregnancy-related deaths occurred from 7 months gestation to the end of the 
pregnancy (including the day of delivery). One quarter of deaths were thought to have 
occurred before 7 months. Based on recorded dates of delivery and of death for those 
occurring after delivery, over one fifth of deaths took place in the first week postpartum; 
this percentage decreased with time since delivery. The timing of death was unknown 
for 6 of the 203 pregnancy-related deaths. 
Figure 4.4 Timing of pregnancy-related deaths (N=203) 
 
I cross-tabulated the hospital and VPM causes of death for women who died in hospital 
in order to examine the agreement between these causes (Table 4.10). The VPM and 
hospital cause of death were identical for 13 of the 37 deaths occurring in hospital, 
corresponding to 35% agreement between the two methods of ascertainment. Seven of 
the eight postpartum haemorrhage deaths in hospitals were identified as such in the 
VPM; however, none of the anaemia or HIV/AIDS deaths were coded as anaemia or 
HIV/AIDS, respectively, in the VPM. The VPM cause was recoded to match the 
hospital cause for these 24 women.
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Table 4.10 Hospital and VPM cause of death for women who died in hospital (N=37) 
Hospital cause of death 
VPM cause of death 
Ab 
Obs 
lab 
Ut 
rup 
APH PPH 
H 
unk 
Hyp 
Bow 
obs 
Emb Sep HIV 
Oth 
inf 
Anae NCD 
No 
inf 
Und Total 
                                      
Ab Abortion 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Obs 
lab 
Obstructed labour 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ut 
rup 
Uterine rupture 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
APH Antepartum haemorrhage 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
PPH Postpartum haemorrhage 0 0 0 0 7 0 0 0 1 0 0 0 0 0 0 0 8 
H 
unk 
Haemorrhage, timing 
unknown 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
Hyp Hypertension 0 0 1 0 0 0 1 0 0 2 0 0 0 0 0 1 5 
Bow 
obs 
Bowel obstruction 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 2 
Emb Embolism 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Sep Postpartum sepsis 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 2 
HIV HIV/AIDS 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 3 
Oth 
inf 
Other infection (excluding 
sepsis, malaria and HIV) 
0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 3 
Anae Anaemia 0 0 1 0 0 0 1 0 0 2 0 0 0 0 0 0 4 
NCD 
Non-communicable 
disease 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
No 
inf 
Not known/no information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Und Undetermined 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 4 
  Total 1 1 3 2 11 0 5 0 1 7 0 1 2 0 0 3 37 
Note: this table only shows causes for which there were recorded deaths; shaded boxes identify the same cause of death for hospital and VPM
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Table 4.11 Cause of pregnancy-related deaths based on verbal post-mortem data 
Cause of death N % 
Early pregnancy loss     
Abortion 28 13.8 
Dystocia     
Obstructed labour 2 1.0 
Haemorrhage     
Uterine rupture 3 1.5 
Antepartum haemorrhage 8 3.9 
Postpartum haemorrhage 26 12.8 
Haemorrhage, timing unknown 1 0.5 
Hypertension     
Hypertension 19 9.4 
Complications of management     
Post-caesarean 0 0.0 
Bowel obstruction 2 1.0 
Other obstetric complications     
Embolism 1 0.5 
Infection     
Postpartum sepsis 18 8.9 
Tetanus 0 0.0 
Malaria 6 3.0 
HIV/AIDS 11 5.4 
Other infection (excluding sepsis, malaria and 
HIV/AIDS)a 
14 6.9 
Infection, cause unknown 4 2.0 
Other causes     
Diabetes 0 0.0 
Hepatorenal failure 2 1.0 
Sickle cell disease 7 3.5 
Anaemia 12 5.9 
Mental illness 0 0.0 
Non-communicable disease 8 3.9 
Injury 3 1.5 
Unknown/undetermined     
Not known/no information 1 0.5 
Undetermined 27 13.3 
Total 203 100 
aOther infections include tuberculosis (1), meningitis (2), hepatitis (3), non-tuberculosis 
respiratory infection (1), intestinal infections (4) [VPM]; and infection-related excluding 
malaria (3) [hospital] 
Note: cause of death was recoded to match the hospital cause for deaths occurring in 
hospitals 
Table 4.11 presents the cause of death for pregnancy-related deaths as ascertained 
during the VPM, recoded based on hospital cause of death for the 24 women who died 
in hospital and had different recorded causes of death. The most common cause of 
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death was haemorrhage, which was assigned as the cause in 17% of pregnancy-
related deaths. Abortion (including all early pregnancy complications) was the second 
most prevalent cause, accounting for 14% of deaths, while hypertension and 
postpartum sepsis each accounted for 9% of deaths. The cause of death was 
undetermined in 27 (13%) of deaths.  
I cross-tabulated the VPM cause of death with the estimated timing of pregnancy-
related deaths in order to examine the coherence of these variables (Table 4.12). The 
causes of death appear to be largely coherent with the timings of individual 
complications: deaths from postpartum complications (such as postpartum 
haemorrhage and sepsis) occurred in late pregnancy – including the day of delivery – 
and postpartum, while deaths due to antepartum or intrapartum complications (such as 
obstructed labour, uterine rupture and antepartum haemorrhage) mostly took place in 
late pregnancy. One death from abortion was estimated to have occurred after 6 
months gestation, which is inconsistent with the study definition of abortion as 
pregnancy losses before 22 weeks, though otherwise the timing and causes of death 
appear compatible. However, the fact that it was not possible to identify women who 
died in labour among those who died in late pregnancy limited the ability to assess the 
coherence of these data.  
 144 
 
Table 4.12 VPM cause of death and timing of pregnancy-related deaths (N=203) 
Cause of death 
Timing 
unknown 
1-6 
months 
gestation 
≥7 months 
gestation 
(inc. day of 
delivery) 
Week 1 
post-
partum 
Weeks 2-3 
post-
partum 
Weeks 4-6 
post-
partum 
Early pregnancy loss 
Abortion 0 19 1 6 0 2 
Dystocia 
Obstructed labour 0 0 2 0 0 0 
Haemorrhage 
Uterine rupture 0 0 1 2 0 0 
Antepartum 
haemorrhage 
0 2 6 0 0 0 
Postpartum 
haemorrhage 
0 0 14 9 3 0 
Haemorrhage, 
timing unknown 
0 0 1 0 0 0 
Hypertension 
Hypertension 0 0 10 4 4 1 
Complications of management 
Bowel obstruction 0 0 0 1 1 0 
Other obstetric complications 
Embolism 0 0 0 1 0 0 
Infection 
Postpartum sepsis 0 0 0 4 6 8 
Malaria 0 2 3 1 0 0 
HIV/AIDS 3 3 1 2 1 1 
Other infection 
(excluding sepsis, 
malaria and 
HIV/AIDS) 
1 9 1 3 0 0 
Infection, cause 
unknown 
1 2 1 0 0 0 
Other causes 
Hepatorenal failure 1 0 0 1 0 0 
Sickle cell disease 0 2 2 1 2 0 
Anaemia 0 3 4 4 1 0 
Non-communicable 
disease 
0 2 3 0 0 3 
Injury 0 2 1 0 0 0 
Unknown/undetermined 
Not known/no 
information 
0 0 0 0 1 0 
Undetermined 0 5 8 8 5 1 
Total 6 51 59 47 24 16 
 
4.3.6. Complications among hospital deliveries 
Among hospital deliveries, 70% of women (n=9,685) had no recorded complications, 
among whom the great majority (96%) were spontaneous vaginal deliveries; 193 
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instrumental vaginal deliveries and 159 caesareans (including 97 elective caesareans) 
did not have any recorded complications. Among the remaining 4,201 deliveries with 
any complication, 15% had one recorded complication, 9% had two recorded 
complications, and 6% had three or more recorded complications. 
Table 4.13 presents the prevalence of obstetric complications among hospital 
deliveries, as recorded by diagnoses in the hospital records. Dystocia was the most 
common group of complications, affecting 13% of all hospital deliveries. Among these, 
cephalopelvic disproportion (including macrosomia) was the most common dystocic 
complication (5% of deliveries), and 1.6% of deliveries were diagnosed with obstructed 
labour. Haemorrhage occurred in 7% of hospital deliveries, with postpartum 
haemorrhage the most common type (5% of hospital deliveries). Hypertension affected 
3.5% of hospital deliveries, including 0.6% with eclampsia. Malaria was the most 
common infection-related complication, with 3% prevalence at delivery among mothers. 
Pregnancy-related infection affected 0.7% of hospital deliveries altogether (including 
septicaemia/sepsis, wound infection and other postpartum infection). Less than 1% of 
women delivering in hospital had a clinical diagnosis of HIV-related illness. Anaemia 
was a common complication, occurring in 7% of hospital deliveries. Fetal complications 
were also common: 6% of births experienced meconium staining and an additional 3% 
experienced fetal distress.  
The stillbirth rate was 48 per 1,000 births among hospital deliveries, which was evenly 
distributed between fresh and macerated stillbirths.
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Table 4.13 Prevalence of obstetric complications among hospital deliveries (N=13,886) 
Obstetric complication N % 
Dystocia 1,851 13.3 
Obstructed labour 216 1.6 
Cephalopelvic disproportion 661 4.8 
Cervical/vaginal dystocia 513 3.7 
Prolonged labour (cause unspecified) 499 3.6 
Breech presentation 155 1.1 
Malpresentation 108 0.8 
Other dystociaa 364 2.6 
Haemorrhage 982 7.1 
Uterine rupture or pre-rupture 59 0.4 
Antepartum haemorrhage from major placenta praevia 16 0.1 
Other antepartum haemorrhage 214 1.5 
Postpartum haemorrhage 727 5.2 
Hypertension 486 3.5 
Pregnancy-induced hypertension 277 2.0 
Pre-eclampsia 142 1.0 
Eclampsia 84 0.6 
Infection 630 4.5 
Septicaemia/sepsis 34 0.2 
Wound infection 50 0.4 
Other postpartum infectionb 19 0.1 
Malaria 434 3.1 
HIV-positive 98 0.7 
Other infectionc 102 0.7 
Other obstetric complications 344 2.5 
Embolism 1 0.0 
Premature labour 150 1.1 
Premature rupture of membranes 206 1.5 
False labour 6 0.0 
Hyperemesis gravidarum 2 0.0 
Other non-obstetric complications 1,121 8.1 
Diabetes 15 0.1 
Sickle cell disease 29 0.2 
Anaemia 993 7.2 
Injury 7 0.1 
Other non-obstetric complicationd 127 0.9 
Fetal complications 1,175 8.5 
Fetal distress 395 2.8 
Meconium staining 783 5.6 
Amniotic fluid conditions 36 0.3 
Cord prolapse 52 0.4 
Cord around the neck 154 1.1 
Any complication 4,201 30.3 
aOther dystocia includes “shoulder dystocia” (10), “compound presentation” (28) and “other dystocia” 
(328), based on data extraction sheet 
bOther postpartum infection includes “endometritis” (7), “peritonitis” (1) and “other postpartum infection” 
(11) 
cOther infection includes “tuberculosis” (0), “meningitis” (1), “pneumonia” (21), “urinary tract infection” (76) 
and “gastroenteritis” (6) 
dOther non-obstetric complication includes “asthma” (4), “cerebrovascular accident” (0), “epilepsy” (5), 
“hepatitis” (3) and “other non-obstetric complication” (115)  
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Table 4.14 presents the prevalence of delivery complications according to maternal 
education. This analysis excludes 141 deliveries with missing information on 
educational level. The percentage of complicated deliveries was similar among women 
with no, primary or post-secondary education (28-29%), but higher among women with 
secondary education (32%). More educated women were more likely to experience 
dystocia (p=0.004), however the prevalence of uterine rupture was highest among 
women with no education and lowest among women with post-secondary education 
(0.7% compared with no cases, respectively). Hypertension was also more common 
among more educated women, rising from 2.8% of hospital deliveries among women 
with no education to 4.4% among women with post-secondary education (p=0.042). 
This trend was predominantly driven by a rise in the prevalence of pregnancy-induced 
hypertension and pre-eclampsia with educational level, though the prevalence of 
eclampsia was lowest among women with post-secondary education (no cases of 
eclampsia, compared with 0.5-0.7% among deliveries to women with no, primary or 
secondary education). There was no educational difference in the prevalence of 
infection, other obstetric or non-obstetric complications, or fetal complications among 
hospital deliveries.  
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Table 4.14 Prevalence of obstetric complications by maternal education among hospital 
deliveries 
Complication 
Maternal education 
Chi-
square  p-
value 
No 
education 
(n=3,368) 
Primary 
(n=2,628) 
Secondar
y 
(n=7,587) 
Post-
secondary 
(n=273) 
Dystocia 11.6 13.1 14.1 13.9 0.004 
Obstructed labour 1.5 1.6 1.5 2.6 0.567 
Feto-pelvic disproportion 4.5 5.2 4.8 4.4 0.620 
Cervical/vaginal dystocia 2.0 3.6 4.5 3.3 <0.001 
Prolonged labour (cause 
unspecified) 
3.2 3.9 3.6 4.0 0.560 
Breech presentation 0.9 1.0 1.2 2.2 0.115 
Malpresentation 0.9 0.8 0.7 0.7 0.759 
Other dystocia 2.8 2.1 2.7 3.3 0.288 
Haemorrhage 7.0 6.4 7.4 5.9 0.297 
Uterine rupture or pre-rupture 0.7 0.2 0.4 0.0 0.052 
Antepartum haemorrhage from 
major placenta praevia 
0.2 0.0 0.1 0.4 0.254 
Other antepartum haemorrhage 2.1 1.4 1.4 1.1 0.032 
Postpartum haemorrhage 4.6 4.8 5.7 4.4 0.061 
Hypertension 2.8 3.3 3.8 4.4 0.042 
Pregnancy-induced hypertension 1.8 1.9 2.1 3.3 0.310 
Pre-eclampsia 0.6 1.0 1.2 1.1 0.026 
Eclampsia 0.5 0.5 0.7 0.0 0.395 
Infection 3.9 4.4 4.9 4.8 0.204 
Septicaemia/sepsis 0.4 0.3 0.2 0.0 0.374 
Wound infection 0.4 0.5 0.3 0.0 0.474 
Other postpartum infection 0.2 0.2 0.1 0.0 0.796 
Malaria 2.8 3.2 3.3 3.3 0.548 
HIV-positive 0.5 0.5 0.9 0.0 0.028 
Other infection 0.7 0.7 0.7 1.5 0.566 
Other obstetric complications 2.3 2.3 2.6 1.8 0.622 
Embolism 0.0 0.0 0.0 0.0 0.233 
Premature labour 1.0 1.1 1.1 0.7 0.926 
Premature rupture of membranes 1.4 1.2 1.6 1.1 0.300 
False labour 0.0 0.1 0.0 0.0 0.816 
Hyperemesis gravidarum 0.0 0.0 0.0 0.0 0.808 
Other non-obstetric complications 8.1 7.3 8.3 6.6 0.336 
Diabetes 0.0 0.0 0.2 0.0 0.026 
Sickle cell disease 0.1 0.3 0.2 0.4 0.545 
Anaemia 7.3 6.6 7.4 4.4 0.183 
Injury 0.0 0.1 0.0 0.0 0.438 
Other non-obstetric complication 1.2 0.6 0.9 1.8 0.040 
Fetal complications 8.6 7.6 8.7 8.8 0.388 
Fetal distress 2.6 2.3 3.1 2.6 0.150 
Meconium staining 5.7 5.0 5.8 7.0 0.351 
Amniotic fluid conditions 0.4 0.3 0.2 0.0 0.126 
Cord prolapse 0.5 0.4 0.3 0.0 0.397 
Cord around the neck 1.0 1.0 1.1 1.5 0.868 
Any complication 28.4 29.0 31.6 28.2 0.002 
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4.3.7. Distribution of pregnancy-related deaths among hospital deliveries 
There were 46 deaths among the 13,886 hospital deliveries, giving a pregnancy-related 
mortality ratio of 330 per 100,000 births in hospital. Of these 46 deaths, 37 occurred 
before discharge from the hospital and have a cause of death assigned by doctors. The 
remaining 9 women were alive at discharge and died several weeks after leaving the 
hospital. 
Table 4.15 presents the causes of the 37 pregnancy-related deaths recorded in 
hospital notes. As with cause of death assigned after verbal post-mortem, 
haemorrhage was the most common cause, accounting for 9 of the 37 pregnancy-
related deaths in hospital. The second most common cause was hypertension (n=5), 
followed by anaemia (n=4). No deaths occurring in the district hospitals were due to 
antepartum haemorrhage or obstructed labour. The cause of death was unknown for 
one hospital death, and undetermined in 4 of the 37 deaths. 
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Table 4.15 Cause of pregnancy-related deaths based on hospital records (N=37) 
Cause of death N % 
Early pregnancy loss     
Abortion 1 2.7 
Dystocia     
Obstructed labour 0 0.0 
Haemorrhage     
Uterine rupture 1 2.7 
Antepartum haemorrhage 0 0.0 
Postpartum haemorrhage 8 21.6 
Haemorrhage, timing unknown 1 2.7 
Hypertension     
Hypertension 5 13.5 
Other obstetric complications     
Embolism 1 2.7 
Complications of management     
Post-caesarean 0 0.0 
Bowel obstruction 2 5.4 
Infection     
Postpartum sepsis 2 5.4 
Tetanus 0 0.0 
Malaria 0 0.0 
HIV/AIDS 3 8.1 
Other infection (excluding sepsis, malaria 
and HIV/AIDS) 
3 8.1 
Infection, cause unknown 0 0.0 
Other causes     
Diabetes 0 0.0 
Hepatorenal failure 0 0.0 
Sickle cell disease 0 0.0 
Anaemia 4 10.8 
Mental illness 0 0.0 
Non-communicable disease 1 2.7 
Injury 0 0.0 
Unknown/undetermined     
Not known/no information 1 2.7 
Undetermined 4 10.8 
Total 37 100 
 
4.4. Discussion 
4.4.1. Summary of main findings 
In the four study districts in central Ghana between 2005 and 2008, 59% of deliveries 
occurred in a health facility and the caesarean rate was 5.2%; these estimates are 
similar to the 2008 DHS estimates for Brong-Ahafo [164].  The pregnancy-related 
mortality ratio of 404 per 100,000 births is comparable to maternal mortality estimates 
for Ghana and Brong-Ahafo [169, 180]; it was slightly higher than the pregnancy-
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related mortality found for the whole duration of the ObaapaVitA trial, though the trial 
reported mortality as a ratio of all pregnancies [175], rather than all deliveries. The 
main causes of pregnancy-related deaths in the population (haemorrhage, abortion, 
and hypertension) were consistent with findings from the national Ghana Maternal 
Health Survey in 2007 [181], and a WHO systematic review which attributed one 
quarter of maternal deaths to haemorrhage in sub-Saharan Africa [42]. 
Higher education, greater household wealth and living in a major town were important 
determinants of both health facility delivery and caesarean section, but were not 
associated with the pregnancy-related mortality ratio. Women residing in Kintampo 
district, which had the lowest rates of facility deliveries and caesareans (42% and 3% 
respectively), had higher pregnancy-related mortality than in other districts. Co-
habitating and divorced/widowed women also had higher pregnancy-related mortality 
than married women, even after adjusting for other socio-demographic characteristics. 
Delivery complications occurred in one third (30%) of hospital deliveries, and dystocia 
was the most common complication type. The prevalence of any delivery complication 
among hospital deliveries showed no clear trend with education; however antepartum 
haemorrhage, uterine rupture and eclampsia were more common among deliveries to 
women with less education, while pre-eclampsia was more prevalent in more educated 
groups. 
4.4.2. Interpretation 
The lack of association of pregnancy-related mortality with maternal education and 
wealth was surprising, considering both variables were strong predictors of facility 
deliveries and caesareans in Brong-Ahafo, as previously found in Ghana [164] and 
throughout sub-Saharan Africa [108]. The larger mortality differences by marital status 
and district were significant at the 5% level: the higher mortality observed in Kintampo 
district is consistent with the fact that this district had the lowest facility delivery and 
caesarean rates, however widowed and cohabitating women had similar delivery care 
utilisation rates to married women, which cannot explain the higher mortality in these 
groups. The lack of association with wealth and education is unlikely to be due to 
confounding, since it was maintained after adjusting for other maternal characteristics. 
This study may not have been powered to detect mortality differences between the 
highest and lowest wealth and educational groups, since these differences are smaller 
than those for district and marital status (particularly considering the small number of 
deliveries among women with post-secondary education). The lack of association may 
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also be due to bias in the ascertainment of pregnancy-related deaths or socio-
economic status: women with missing socio-demographic data had high rates of 
pregnancy-related mortality, probably because data collection sometimes occurred 
after delivery and women who died were therefore less likely to have that information 
collected. In particular, missing data for household wealth in 16% of pregnancy-related 
deaths is likely to have contributed to the borderline significant positive association 
between wealth quintile and mortality. If all deaths with missing quintile were assumed 
to have occurred in the poorest quintile, the association between wealth and 
pregnancy-related mortality would disappear. Though the surveillance of deaths in the 
study area is thought to have been strong, it is possible that deaths may have been 
less likely to be captured among poor and less educated women, leading to 
underestimating mortality in these groups. 
On the other hand, the observed lack of association of pregnancy-related mortality with 
maternal education and wealth may be real. There is growing evidence that delivering 
in a facility may not be associated with lower pregnancy-related mortality, particularly in 
contexts where the quality of delivery care is poor. Population-based studies have 
consistently found a strong negative association between facility delivery and distance 
to health facility in Burkina Faso [182], Zambia [183], Tanzania [184, 185] and 
Bangladesh [186]. However, while two studies in urban India and rural Guinea-Bissau 
found evidence of higher maternal mortality with longer distance to facility [187, 188], 
others found no association with distance in Pakistan [189] and Burkina Faso [190]. In 
southern Tanzania, the trend of increasing maternal mortality with distance to hospital 
was more pronounced when including direct obstetric deaths only, but no such trend 
was observed with distance to first-line facilities [184]. These findings suggest that, 
while socio-economic and residence characteristics may be associated with the 
utilisation of delivery care, these might not translate into mortality differences in settings 
where the quality of emergency obstetric care is low, such as in Brong-Ahafo [174].    
Several studies have reported the prevalence of obstetric complications among 
deliveries in selected facilities. In a large urban maternity hospital in Sudan, fewer than 
1% of deliveries were found to develop antepartum or postpartum haemorrhage, or 
eclampsia in 2007, while pre-eclampsia occurred in approximately 2% of deliveries 
[191]. The estimates for hypertensive diseases are similar to those found in this study, 
though antepartum and postpartum haemorrhage were more frequent in hospitals in 
Brong-Ahafo. A population-based cohort study in Senegal found a much higher 
prevalence of obstetric complication among facility deliveries in two areas: between 21-
32% for obstructed labour, 18-46% for antepartum haemorrhage and 14-30% for pre-
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eclampsia [192]. This higher prevalence was not explained by a lower facility delivery 
rate, which was similar or higher in both study areas than in Brong-Ahafo (57% and 
70%), though it is likely to be partly explained by differences in definitions of obstetric 
complications between studies.  
To the best of my knowledge, this is the first study to compare the prevalence of 
obstetric complications among hospital deliveries according to maternal education, 
which is not routinely recorded in many low-income settings. The lack of a clear trend 
in the prevalence of complications at birth with maternal education was not expected, 
considering the educational gradient in facility delivery rates. Nonetheless, differences 
in the prevalence of some complications reflect differences in access to delivery care. 
The higher prevalence of uterine rupture among less educated women suggests that 
these women may have been delayed in reaching the hospital after an obstructed 
labour. Pre-eclampsia was more common among more educated women, but no 
women with post-secondary education had eclampsia. More educated women are 
more likely to be overweight and suffer from hypertension (38% of women with 
secondary education and 47% in the richest quintile were found to be overweight or 
obese in the Ghana 2008 DHS [164]), but pre-eclampsia is less likely to progress to 
eclampsia than among less educated women, perhaps because the symptoms of 
hypertension are subtle and require good access to antenatal and delivery care in 
order to be detected and kept under control [193].  
4.4.3. Strengths and limitations 
Data source 
The major strength of the ObaapaVitA dataset lies in having linked clinical information 
from hospitals to socio-economic and residence characteristics for a defined 
population; to my knowledge, this is the first study to have combined both data 
sources: this allowed me to describe obstetric complications according to maternal 
socio-economic status among hospital deliveries, and interpret these findings in 
relation to population-based indicators of delivery care utilisation. In addition, the large 
number of deliveries in this sample (n=50,289) is a major asset of this dataset.  
It was not possible to match all reported births reported to occur in district hospitals to a 
hospital record. Approximately 9% of women who reported delivering in a study 
hospital do not have a record there, either because women misreported the place of 
delivery, or because they were not linked to their population-based records (women 
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may not have been identified as study participants, study staff may not have found the 
correct identification number based on the information provided, and other women may 
have used study participants’ identity cards in the belief that it would guarantee access 
to care; L Hurt, personal communication). Data were not available on hospital 
deliveries in neighbouring districts, but these represent less than 1% of facility 
deliveries in the four study districts, and would have been unlikely to change the 
interpretation of results. Information was also not collected from health centres and 
maternity homes, and the prevalence of obstetric complications may have been lower if 
all facilities had been included (assuming that the prevalence of complications is lower 
in first-line facilities).  
The agreement between hospital and VPM cause of death was low (35%) for women 
who died in hospital, similar to other studies in Kenya [194], and a high proportion of 
deaths were reported to have occurred in early pregnancy, contrary to the expectation 
that most deaths occur in late pregnancy or the first week postpartum [195]. There are 
known issues with the quality of cause of death data derived from verbal autopsy at the 
individual level, compared with hospital cause of death as gold standard [194, 196, 
197], suggesting that these findings should be interpreted with caution. 
As mentioned in chapter 2, there are concerns with assessing relative wealth based on 
a household asset index. Constructing a single index from different types of assets 
makes it unclear exactly what dimension of socio-economic status is measured, and 
wealth indices demonstrate only modest agreement with consumption expenditure 
[130, 131]. More importantly, the wealth index used in this study was constructed 
based on a random sample of the female population of reproductive age in the four 
study districts, rather than in Ghana as a whole. It is unclear how well an index based 
on variation in household assets can capture differences in wealth within a fairly 
homogeneous and predominantly rural population, and the absolute magnitude of 
wealth differences between quintiles is unknown.  
Logistic regression 
The odds ratio is a good approximation of the risk ratio when the outcome is rare [198]. 
As the percentage of caesarean deliveries was around 5%, the odds ratios are likely to 
be reasonably similar to the risk ratios; however, they substantially overestimate the 
risk ratios for facility delivery since it is a much more common outcome. Logistic 
regression was chosen over binomial log-linear regression models of risk ratios 
because the latter are computationally intensive and do not always converge when a 
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large number of covariates are included. However, caution should be taken in the 
interpretation of the odds ratios.   
Around 8% of deliveries in the population were repeat deliveries, and 3,776 of 46,542 
women contributed more than one birth to the sample over the three-year study period; 
robust standard errors were to used calculate 95% confidence intervals in the logistic 
regression models to correct for this clustering.   
4.5. Conclusion 
In Brong-Ahafo, there was a large gradient in facility delivery and caesarean rates 
according to maternal education, relative wealth, and district and area of residence. 
However, there was no evidence that pregnancy-related mortality varied according to 
these characteristics in the study area, though mortality was higher in Kintampo district 
and among widowed/divorced women. This suggests that delivering in facilities in 
Brong-Ahafo may not lower the risk of pregnancy-related mortality. The prevalence of 
dystocia and hypertension among hospital deliveries increased with education, though 
severe complications (uterine rupture and eclampsia) were absent among women with 
post-secondary education, reflecting better access to care in this group.
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Chapter 5. Validation of the Unmet 
Obstetric Need approach 
 
The literature review in chapter 1 presented the Unmet Obstetric Need approach for 
measuring the unmet need for obstetric surgery, using the concept of absolute 
maternal indications. Chapter 5 addresses objective 3.2 of this thesis, by validating the 
Unmet Obstetric Need indicator.  
In this chapter, I begin by presenting the definitions of absolute maternal indications 
used in this analysis. The validation of the Unmet Obstetric Need indicator is carried 
out in two samples: among hospital deliveries, I assess whether absolute maternal 
indications are “absolute” by analysing the percentage of these deliveries receiving 
surgery, and resulting in the death of the woman among those not receiving surgery. At 
the population level, the indicator is validated by determining whether the sum of 
deliveries receiving surgery for absolute maternal indications and of pregnancy-related 
deaths from these causes accounts for 1.4% of deliveries across educational 
subgroups.    
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5.1. Introduction 
5.1.1. Rationale for validating the Unmet Obstetric Need approach 
The Unmet Obstetric Need (UON) approach to measuring the unmet need for life-
saving obstetric surgery was described in chapter 1 (section 1.3.2), including the 
concept of absolute maternal indications (AMIs) thought to require surgery to avert the 
death of the mother. The UON indicator is calculated as the expected proportion of all 
deliveries which develop an AMI but do not receive surgery, and this shortfall is 
interpreted as the mortality from these complications attributable to the lack of access 
to surgery. 
The two main assumptions underlying the UON approach are (1) that women with an 
AMI will die without receiving surgery (i.e. they are absolute), and (2) that 1.4% of 
deliveries across populations will develop an AMI; neither of these assumptions has 
been demonstrated to be valid. First, it is unclear whether AMIs are indeed “absolute” 
complications, that is, that women with AMIs will necessarily die without surgery. The 
AMI complications were selected based on clinical evidence: for example, women with 
complete placenta praevia (where the placenta blocks the cervix) have low chances of 
delivering safely and experience high mortality with vaginal delivery, however there is 
no epidemiological evidence that all women with AMIs who do not receive surgery 
necessarily die.  
Second, while the concept of AMIs may be valid, there are concerns related to 
misclassifying surgeries for non-life threatening complications as surgeries for AMIs. In 
particular, major cephalopelvic disproportion (where vaginal delivery is impossible) is 
difficult to distinguish from prolonged labour (where vaginal delivery is possible, but the 
fetus may suffer adverse outcomes) among caesarean deliveries [199].  
Third, in addition to conceptual and misclassification issues, the prevalence of AMIs at 
birth has not been validated, nor has the assumption that this prevalence varies little 
across groups or over time. The 1.4% threshold was suggested by the UON on the 
basis of observed rates of surgery for AMIs in areas thought to have good access to 
care. In four countries that carried out UON assessments (Benin, Burkina Faso, Mali 
and Niger), the median percentage of deliveries receiving surgery for AMIs was 1.4% 
(95% CI: 1.27-1.52%) in urban areas with functioning surgical hospitals [41]. The UON 
Network interprets this figure as “a sensible low-end estimate of the proportion of 
deliveries that require a major obstetric intervention to avoid a maternal death” [200]. 
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This estimate was considered consistent with maternal mortality ratios of 900 to 2,200 
per 100,000 births (0.9-2.2%) in populations without access to surgery, and with a 
caesarean rate of less than 2% in the Netherlands in 1968 when maternal mortality 
was around 20 per 100,000 births [30]. Nonetheless, the percentage of facility 
deliveries in these urban areas is not reported [41], and surgeries for AMIs in these 
studies may also be subject to misclassification. As a result, the true proportion of 
deliveries with AMIs may be either underestimated or overestimated.  
5.1.2. Validation approach 
The UON indicator and its interpretation have not yet been proven to be valid. A 
previous validation study in Bangladesh concluded that low rates of surgery for AMIs 
could not be interpreted as indicating excess mortality from these causes, and found 
evidence of misclassification of surgeries for less severe complications as surgeries for 
AMIs [50]. It is important to repeat this validation study in order to determine whether 
misclassification is also an issue in sub-Saharan Africa and whether the UON indicator 
is valid in a different setting. 
The first assumption can be validated in two different samples: among hospital 
deliveries, the “absoluteness” of AMIs can be assessed by determining what proportion 
of AMIs receive surgery (an indication of whether obstetric care providers consider 
them absolute), as well as whether AMIs that do not receive surgery always result in 
the death of the woman. At the population level, we can test whether deaths from AMIs 
compensate for the expected shortfall in surgeries for AMIs, that is, whether the sum of 
surgeries for AMIs and of pregnancy-related deaths from AMI-related causes accounts 
for a constant percentage of deliveries across different subgroups of women. This 
population-based analysis would also allow us to test the second assumption – that 
1.4% of deliveries develop AMIs – by determining whether this sum is equal to 1.4% 
across subgroups.  
5.1.3. Objectives 
The aim of this study was to validate the Unmet Obstetric Need indicator for measuring 
the unmet need for obstetric surgery in Ghana. Specific objectives of this analysis were 
to: 
1) Construct a definition of AMIs based on diagnoses and indications recorded in 
hospital notes in the ObaapaVitA population; 
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2) Determine the variation in the percentage of hospital deliveries with AMIs 
across educational subgroups;  
3) Examine the absoluteness of AMIs among hospital deliveries, by assessing the 
percentage of AMIs receiving surgery and the number of deaths among those 
that did not receive surgery; 
4) Assess the absoluteness of AMIs at the population level, by determining 
whether the sum of pregnancy-related deaths from AMIs and surgeries for 
AMIs represent a constant percentage of deliveries across educational 
subgroups; and 
5) Determine whether this percentage is equal to 1.4% of deliveries across 
educational subgroups. 
5.2. Methods 
A full description of the study population and definitions (including pregnancy-related 
mortality ratio) is provided in section 4.2. Additional methods specific to the following 
analysis are described below.  
5.2.1. Definition of absolute maternal indications 
The Unmet Obstetric Need Network’s definition of AMI consists of the following 
complications: 
 severe ante-partum haemorrhages caused by a placenta praevia or a 
retro-placental haematoma; 
 incoercible post-partum haemorrhages;  
 major foeto-pelvic disproportions (due to a narrow pelvis or a 
hydrocephaly);  
 transverse positions (shoulders neglected);  
 face presentations. 
[201] 
I categorised deliveries in the ObaapaVitA hospital sample based on this classification, 
with minor alterations. Uterine rupture and pre-rupture are complications resulting from 
major feto-pelvic disproportion, and were included as a distinct AMI category [49]. I 
additionally grouped transverse lie and face presentation under “malpresentation” to 
avoid very small groups. Therefore, I constructed definitions for five types of AMIs:  
1) Severe antepartum haemorrhage; 
2) Incoercible postpartum haemorrhage; 
3) Uterine rupture or pre-rupture; 
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4) Major cephalopelvic disproportion; and 
5) Malpresentation. 
Among hospital deliveries, two sources of clinical data could be used to identify AMIs: 
diagnoses of delivery complications and indications for obstetric surgery (the 
complications or conditions for which the woman was considered to need surgery). 
Both diagnosis and indication data were used to construct a combined definition of 
AMIs, though I also compared the cases of AMIs included under diagnosis- and 
indications-based definitions in order to examine their agreement. For example, 
obstetric providers may have forgotten to write down all diagnoses before an 
emergency caesarean, but have recorded the indication appropriately after the 
intervention; conversely, indications may be poorly recorded [202] (this issue will be 
discussed in more detail in chapter 6).  
Because of the potential misclassification of diagnoses and indications, and because 
the variables available in the ObaapaVitA dataset did not exactly match the AMIs 
defined above, I constructed two definitions: a strict definition, with high specificity but 
low sensitivity, and a broad definition, with high sensitivity but lower specificity. The 
strict definition is predicted to include more severe complications (and therefore be 
more “absolute”), but to underestimate the prevalence of AMIs and of surgeries for 
AMIs, while the broad definition is predicted to include some non-absolute 
complications, and this to overestimate the prevalence of AMIs.  
 
Table 5.1 presents the strict and broad definitions of AMIs used, which was devised 
following consultations with three obstetricians.   
Severe antepartum haemorrhage 
Only deliveries with a recorded diagnosis of major placenta praevia (partial or complete 
placenta praevia) were included in the strict definition of AMIs. All diagnoses of 
antepartum haemorrhage, including with unspecified cause, were included in the broad 
definition. Indications for surgery did not distinguish the severity of the placenta 
praevia, and “antepartum haemorrhage due to placenta praevia” was included in the 
strict definition, while indications of placental abruption and unspecified antepartum 
haemorrhage were included in the broad definition.  
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Incoercible postpartum haemorrhage 
The strict and broad definition of incoercible postpartum haemorrhage included all 
hysterectomies, regardless of recorded diagnosis or indication, since emergency 
peripartum hysterectomy is usually performed in response to life-threatening intractable 
postpartum haemorrhage [203]. Cases of postpartum haemorrhage without 
hysterectomy were not included in either of the definitions of AMIs, since subjective 
evaluation of the volume of blood loss is known to be unreliable [204] and 33% of 
women with postpartum haemorrhage had no information on blood loss volume. 
Uterine rupture 
There were two available codes for uterine rupture and pre-uterine rupture. Pre-uterine 
rupture is defined in the ObaapaVitA trial as a threatened uterine rupture, with a visible 
Bandl’s ring, indicating that the woman should be attended to as an emergency. I 
included both pre-uterine and uterine rupture (as diagnoses and indications) in the 
strict and broad definitions of AMI. 
Malpresentation 
Transverse lie and brow presentation were the only malpresentations included in the 
strict diagnosis- and indication-based definitions, since it is not possible to deliver these 
fetuses vaginally. Oblique lie, face presentation and compound presentation (where the 
baby’s arm presents alongside the head) were additionally included in the broad 
definition of AMIs, because they occasionally result in obstructed labour and require 
surgery to save the mother’s life. 
Major cephalopelvic disproportion 
Obstructed labour was available as a diagnosis but not an indication, and I included it 
under the strict and broad diagnosis-based definitions. Cephalopelvic disproportion 
was available as both a diagnosis and an indication, however I only included it under 
the broad definitions of AMIs since the severity of the disproportion was not specified. 
Similarly, deliveries with macrosomia were classified as major cephalopelvic 
disproportion in the broad AMI definition. All craniotomies, embryotomies and 
symphysiotomies were included under the strict and broad definitions of major 
cephalopelvic disproportion, since these interventions are only used in the case of 
obstructed labour (see section 5.2.2. below).  
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Dealing with multiple AMIs 
A single AMI was assigned to deliveries receiving surgery for AMIs, in order to examine 
whether the type of AMIs varied according to education.  Deliveries with multiple AMIs 
(ascertained according to the definitions above) were classified hierarchically in the 
following order: uterine rupture, incoercible postpartum haemorrhage, severe 
antepartum haemorrhage, malpresentation, and major cephalopelvic disproportion. 
This hierarchy was chosen with the aim of distinguishing surgeries for major 
cephalopelvic disproportion but no other AMI. 
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Table 5.1 Strict and broad definitions of absolute maternal indications, using hospital diagnoses and recorded indications for surgery 
Hospital diagnosis Strict Broad Indication for Major Obstetric Interventions Strict Broad 
Severe antepartum haemorrhage 
Low lying placenta, placenta praevia types I or II   Antepartum haemorrhage due to placenta praevia   
Partial placenta praevia, placenta praevia type III   Antepartum haemorrhage due to placental abruption   
Complete placenta praevia, placenta praevia type IV   Antepartum haemorrhage, cause unspecified   
Unspecified placenta praevia      
Placental abruption      
Unspecified antepartum haemorrhage      
Incoercible postpartum haemorrhage (Any hysterectomy, for strict and broad definitions) 
Uterine atony   Postpartum haemorrhage   
Retained placenta   Inverted uterus   
Retained products   Any hysterectomy   
Placenta accreta      
Inverted uterus      
Perineal tear      
Vaginal tear      
Cervical tear      
Unspecified postpartum haemorrhage      
Any hysterectomy      
Uterine rupture 
Uterine rupture   Uterine rupture   
Pre-uterine rupture, Bandl’s ring   Pre-uterine rupture, Bandl’s ring   
   Previous caesarean section/scarred uterus   
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Hospital diagnosis Strict Broad Indication for Major Obstetric Interventions Strict Broad 
Malpresentation 
Transverse lie   Transverse lie   
Oblique lie   Shoulder presentation   
Breech presentation, frank breech   Brow presentation   
Foot or footling breech   Face presentation   
Face presentation   Breech presentation   
Brow presentation   Footling breech   
Compound presentation   Oblique lie   
Shoulder dystocia      
Major cephalopelvic disproportion 
Cephalopelvic disproportion, CPD   CPD   
Prolonged labour   Macrosomia   
Obstructed labour   Cervical stenosis/dystocia   
Cervical stenosis, cervical dystocia   Vaginal stenosis/dystocia   
Vaginal stenosis, vaginal rings   Prolonged labour   
Macrosomia   ANY craniotomy, embryotomy or symphysiotomy   
Other dystocia      
ANY craniotomy, embryotomy or symphysiotomy      
Other non-absolute direct obstetric complications (excluding first trimester complications) 
Pregnancy-induced hypertension   Congenital malformation (woman)   
Pre-eclampsia   Pregnancy-induced hypertension   
Eclampsia   Pre-eclampsia   
Endometritis   Eclampsia   
Salpingitis   Postpartum infection   
Peritonitis   Septicaemia   
Septicaemia, sepsis   Peritonitis   
Septic shock   Endometritis   
Wound infection (post-caesarean)   Salpingitis   
Wound infection (post-tear, post episiotomy)   Premature rupture of membranes   
 165 
 
Hospital diagnosis Strict Broad Indication for Major Obstetric Interventions Strict Broad 
Other postpartum infection   Multiple pregnancy   
Pulmonary embolism   Hydramnios   
Amniotic fluid embolism   Oligoamnios   
Disseminated intravascular coagulation (DIC)   Medical conditions in the mother   
Anaemia associated with malaria      
Anaemia associated with haemorrhage      
Anaemia associated with sickle cell disease      
Unspecified anaemia      
Episiotomy or minor perineal tear      
False labour      
Premature labour      
Premature rupture of membranes      
Hydramnios, Polyhydramnios      
Oligoamnios      
Hyperemesis gravidarum      
Female genital mutilation      
Foetal complications 
Foetal distress   Hydrocephalus   
Meconium staining   Foetal distress   
Cord around the neck   Congenital malformation (baby)   
Cord prolapse   Cord prolapse   
Fresh stillbirth   Cord around the neck   
Macerated stillbirth      
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5.2.2. Definition of obstetric surgery 
Caesareans are the most common obstetric surgery used to treat AMIs, though other 
types of surgery can be required to save the mother’s life, particularly in the case of 
postpartum complications or known fetal death. The Unmet Obstetric Need approach 
includes the following surgeries (“major obstetric interventions”) in the calculation of 
met need: 
 caesareans (for severe ante-partum haemorrhages, major cephalopelvic 
disproportions where the child is alive, transverse and frontal presentations); 
 laparotomies (for suture of a uterine breach in a reparable rupture); 
 hysterectomies (in a major uterine rupture or an incoercible post-partum 
haemorrhage); 
 internal versions (in a case of transverse position); 
 craniotomies or embryotomies (in cases of dystocia when the child is dead); 
 a symphysiotomy which is carried out to avoid a caesarean in a case of 
cephalopelvic disproportion [30] 
In the ObaapaVitA dataset, caesareans were identified in the hospital subsample 
based on recorded mode of delivery, and among deliveries outside the district hospitals 
based on maternal self-report (as detailed in section 4.2.6). The remaining types of 
surgery were identified in the hospital sample based on recorded major operations 
(“Were any of the following procedures performed?”; response options included 
“Hysterectomy”, “Laparotomy”, “Internal version”, “Craniotomy or Embryotomy”, and 
“Symphysiotomy”). It was not possible to identify surgeries for AMIs among deliveries 
outside of the study hospitals.  
5.2.3. Definition of mortality outcomes 
Section 4.2.6 detailed the data used to identify the cause of pregnancy-related deaths 
and the cause of death classification used in this study. In brief, the cause of death was 
assigned by doctors in the hospital notes for women who died in hospital, while it was 
assigned by physician review based on verbal post-mortem (VPM) for women who died 
in the community or within lower-level facilities. As noted in section 4.3.5, 37 of the 203 
(18%) pregnancy-related deaths occurred before discharge from one of the four district 
hospitals in the study area and have a cause of death assigned by doctors who 
attended the woman; the remaining 82% took place at home or in lower-level facilities, 
and thus have a cause of death assigned by VPM.  
The first assumption of the UON indicator implies that AMIs that are not treated with 
surgery necessarily result in a maternal death. Different definitions of mortality are used 
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in the two different samples. Among hospital deliveries, the absoluteness of AMIs was 
tested by assessing whether deliveries with AMIs that do not receive surgery always 
result in the death of the woman. All deaths occurring before discharge from the 
hospital, irrespective of cause, were included in the definition of mortality used to 
address objective 3 of this chapter. 
At the population level, the UON indicator implies that the sum of surgeries for AMIs 
and deaths from AMI-related causes should represent a constant percentage of 
deliveries across subgroups. The definition of AMI-related deaths used in objectives 4 
and 5 included the following causes: obstructed labour, uterine rupture, antepartum 
haemorrhage, postpartum haemorrhage, and haemorrhage with timing unknown.  
However, as described in section 4.2.6, there are concerns with misclassification of 
cause of death based on the verbal post-mortem: for example, of the five deaths from 
hypertension in hospitals, only one was also recorded as a hypertension-related death 
in the VPM (chapter 4). I therefore also present results using pregnancy-related deaths 
after 22 weeks gestation and all pregnancy-related deaths irrespective of gestational 
age, in order to assess whether the results are likely to have been affected by 
misclassification of cause of death.  
5.2.4. Statistical analyses 
In order to address objective 1, I first described the number of AMIs identified in the 
strict and broad definitions among hospital deliveries (n=13,886), for the diagnosis-
based, indications-based and combined definitions. I also examined the variation in the 
percentage of hospital deliveries with AMIs across all obstetric complications, including 
complications that did not contribute to the definition of AMIs, in order to understand 
the distribution of AMIs according to other complications.  
The prevalence of AMIs among hospital deliveries was calculated for each educational 
level (objective 2), and was predicted to be higher among groups with lower rates of 
facility delivery and caesarean sections. Maternal education was chosen as a 
stratifying variable since it showed the greatest variation in facility delivery and 
caesarean rates (see sections 4.3.2 and 4.3.3).  
In order to assess the absoluteness of AMIs among hospital deliveries (objective 3), I 
calculated the percentage of deliveries with AMIs receiving surgery, to determine 
whether these complications were considered “absolute” by obstetric care providers in 
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the district hospitals. I further examined whether all deliveries with AMIs that did not 
receive surgery resulted in the death of the woman.  
The absoluteness of AMIs was assessed at the population level by analysing whether 
the sum of surgeries for AMIs and deaths from AMI-related causes accounted for a 
constant percentage of deliveries across educational groups (objective 4). Some 
women died after receiving surgery for an AMI, hence these two groups are not 
mutually exclusive, and I tested whether the percentage of all deliveries with either 
surgery for AMIs or death from an AMI-related cause varied according to education. 
The validity of the 1.4% threshold was tested by assessing whether this percentage 
was equal to 1.4% across subgroups (objective 5). I repeated this analysis with 
pregnancy-related deaths after 22 weeks and all pregnancy-related deaths in order to 
determine whether any observed variation in the sum of AMI-related deaths and 
surgeries could be due to misclassification of AMI-related deaths. The analyses were 
also repeated excluding surgeries for major cephalopelvic disproportion, since this AMI 
category was the most subjective and accounted for more than half of all AMIs. Lastly, I 
described the unique, hierarchical type of AMI for all deliveries receiving surgery for an 
AMI across educational levels, to assess whether the percentage of surgeries for major 
cephalopelvic disproportion varied across groups. 
Chi-square tests were used to test for educational differences in the percentage of 
deliveries receiving surgeries for AMIs (including for major cephalopelvic disproportion 
only), pregnancy-related mortality from AMI-related causes, and the sum of these two 
outcomes. 
5.3. Results 
5.3.1. Description of absolute maternal indications in hospital deliveries 
Table 5.2 and Figure 5.1 present the number of AMIs among hospital deliveries 
identified using diagnoses, indications, and combined data. In total, 2.8% (n=388) and 
8.4% (n=1,168) of the 13,886 hospital deliveries had an AMI according to the strict and 
broad definition, respectively. Major cephalopelvic disproportion was the most common 
AMI, representing more than half of AMIs in both the strict and broad definitions, while 
postpartum haemorrhage was the least common. There was no difference between 
strict and broad definitions of uterine rupture, since the same complications and 
indications were included in both definitions.  
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For most types of AMIs, few cases were captured by indications data which were not 
identified using diagnoses. For example, only two additional uterine ruptures were 
identified by the indications data that were not captured in the diagnosis data (61 in the 
combined definition compared with 59 in the diagnosis-based definition), and three 
additional strict and broad malpresentations. Severe antepartum haemorrhage was the 
only exception, where the indications-based definition added 38 AMIs to the combined 
strict definition (54 in the combined definition, compared with 16 in the diagnosis-based 
definition), likely because the indication for placenta praevia included all cases 
regardless of severity. Using indications data only identified substantially fewer AMIs 
than using diagnosis data or both types of data combined in this setting. In total, 
information on indications captured an extra 38 strict AMIs (388 in the combined 
definition compared with 350 using diagnoses only) and four additional broad AMIs 
(1,168 compared with 1,164). 
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Table 5.2 Strict and broad definitions of AMIs, using diagnosis, indications, and combined data 
Diagnosis-based definition Indications-based definition Combined definition 
Hospital diagnosis N (strict) N (broad) Indication for surgery N (strict) N (broad) N (strict) N (broad) 
Severe antepartum haemorrhage (APH) 16 228   50 113 54 228 
Placenta praevia (types I or II) - 41 APH due to placenta praevia 50 50     
Partial placenta praevia (type III) 
13 13 
APH due to placental 
abruption 
- 35     
Complete placenta praevia (type IV) 3 3 APH, cause unspecified - 30     
Unspecified placenta praevia - 19           
Placental abruption - 47           
Unspecified antepartum haemorrhage - 106           
Incoercible postpartum haemorrhage 33 33   33 33 23 33 
Uterine atony 6 6 Postpartum haemorrhage 4 4     
Retained placenta 12 12 Inverted uterus 0 0     
Retained products 3 3 Any hysterectomy 33 33     
Placenta accreta 0 0           
Inverted uterus 0 0           
Perineal tear 0 0           
Vaginal tear 1 1           
Cervical tear 1 1           
Unspecified postpartum haemorrhage 4 4           
Any hysterectomy 33 33           
Uterine rupture 59 59   43 43 61 61 
Uterine rupture 51 51 Uterine rupture 41 41     
Pre-uterine rupture (Bandl's ring) 
9 9 
Pre-uterine rupture or Bandl’s 
ring 
2 2     
Malpresentation 49 135   46 94 52 138 
Transverse lie 47 47 Transverse lie 45 45     
Oblique lie - 18 Brow presentation 1 1     
Face presentation - 42 Face presentation - 34     
Brow presentation 2 2 Oblique lie - 14     
Compound presentation - 28           
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Diagnosis-based definition Indications-based definition Combined definition 
Hospital diagnosis N (strict) N (broad) Indication for surgery N (strict) N (broad) N (strict) N (broad) 
Major cephalopelvic disproportion 219 798   5 590 219 804 
Obstructed labour 216 216 CPD - 573     
Cephalopelvic disproportion - 588 Macrosomia - 13     
Macrosomia - 83        
Any craniotomy, embryotomy or 
symphysiotomy 
5 5 
Any craniotomy, embryotomy 
or symphysiotomy 
5 5     
Total 350 1,164 Total 161 835 388 1,168 
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Figure 5.1 Distribution of absolute maternal indications among hospital deliveries 
(N=13,886)  
 
Table 5.3 presents the percentage of deliveries with obstetric complications that were 
classified as AMIs among hospital deliveries with at least one recorded complication. 
Overall, 9% of hospital deliveries with complications had a strict AMI and 28% had a 
broad AMI. Among the six types of complications contributing to the definition of AMIs 
(bolded in Table 5.3), the percentage of AMIs according to the broad definition was 
100% except for postpartum haemorrhage (7%). Using the strict definition, all cases of 
obstructed labour, uterine rupture and antepartum haemorrhage from major placenta 
praevia were categorised as AMIs. The percentage of deliveries with cephalopelvic 
disproportion, malpresentation and other antepartum haemorrhage considered as strict 
AMIs ranged from 14% to 56%, while 3% of postpartum haemorrhages were 
categorised as strict AMIs.  
Deliveries could have multiple recorded diagnoses of obstetric complications, and 
therefore the prevalence of AMIs was above zero for most complications which did not 
contribute to the definition of AMIs. Among these, the percentage of deliveries with an 
AMI ranged between 0-26% for the strict definition (highest for prolonged labour, other 
dystocia, and cord around the neck) and 0-50% for the broad AMI definition (including 
41% for prolonged labour and 36% for other dystocia). Overall, 16% of dystocia cases 
and 14% of haemorrhage cases were considered strict AMIs.  
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Table 5.3 Percentage of absolute maternal indications among categories of obstetric 
complications 
Obstetric complication Number 
Percentage 
of AMIs 
(strict) 
Percentage 
of AMIs 
(broad) 
Dystocia 1,851 15.9 50.6 
Obstructed laboura 216 100.0 100.0 
Cephalopelvic disproportiona 661 14.2 100.0 
Cervical/vaginal dystocia 513 6.8 16.0 
Prolonged labour (cause unspecified) 499 25.5 41.7 
Breech presentation 155 17.4 27.1 
Malpresentationa 108 55.6 100.0 
Other dystocia 364 19.5 40.9 
Haemorrhage 982 14.0 30.9 
Uterine rupture or pre-rupturea 59 100.0 100.0 
Antepartum haemorrhage from major 
placenta praeviaa 
16 100.0 100.0 
Other antepartum haemorrhagea 214 28.5 100.0 
Postpartum haemorrhagea 727 3.0 6.6 
Hypertension 486 3.7 11.1 
Pregnancy-induced hypertension 277 3.6 13.7 
Pre-eclampsia 142 4.9 10.6 
Eclampsia 84 2.4 6.0 
Pregnancy-related infection 630 5.9 17.9 
Septicaemia/sepsis 34 2.9 11.8 
Wound infection 50 10.0 14.0 
Other postpartum infection 19 0.0 5.3 
Malaria 434 7.1 19.8 
HIV-positive 98 3.1 14.3 
Other infection 102 3.9 17.6 
Other obstetric complications 344 1.5 8.7 
Embolism 1 0.0 0.0 
Premature labour 150 2.0 8.0 
Premature rupture of membranes 206 1.0 7.8 
False labour 6 0.0 16.7 
Hyperemesis gravidarum 2 0.0 50.0 
Other obstetric complications 1,121 8.3 25.9 
Diabetes 15 0.0 13.3 
Sickle cell disease 29 10.3 10.3 
Anaemia 993 8.5 27.6 
Injury 7 0.0 28.6 
Other non-obstetric complication 127 7.1 14.2 
Fetal complications 1,175 8.9 24.3 
Fetal distress 395 8.9 26.3 
Meconium staining 783 8.4 24.3 
Amniotic fluid conditions 36 2.8 25.0 
Cord prolapse 52 9.6 17.3 
Cord around the neck 154 18.8 31.2 
Any complication 4,201 9.0 27.7 
aThe bolded complications represent categories with diagnoses that contributed to the definition of AMIs  
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There was no evidence of a difference in the percentage of hospital deliveries with 
either strict or broad AMIs according to maternal education (Chi-square p=0.432 and 
p=0.660, respectively; see Table 5.4).  
Table 5.4 Prevalence of AMIs among hospital deliveries, stratified by maternal education 
Maternal 
education 
Hospital 
deliveries 
(N) 
Strict definition Broad definition 
N % (95% CI) 
p-
value 
N % (95% CI) 
p-
value 
None 3,368 106 3.1 (2.6-3.8) 
0.432 
300 8.9 (8.0-9.9) 
0.660 
Primary 2,628 71 2.7 (2.1-3.4) 219 8.3 (7.3-9.5) 
Secondary 7,587 199 2.6 (2.3-3.0) 621 8.2 (7.6-8.8) 
Post-
secondary 
273 9 3.3 (1.7-6.2) 23 8.4 (5.7-12.4) 
Total 13,886 388 2.8 (2.5-3.1) - 1,168 8.4 (8.0-8.9) - 
 
5.3.2. Absoluteness of AMIs among hospital deliveries 
Table 5.5 and Figure 5.2 present the percentage of AMIs which received surgery. Over 
98% of deliveries with a strict AMI underwent surgery; this percentage was highest for 
postpartum haemorrhage (100%) and lowest for malpresentation (94%). Eighty-seven 
percent of broad AMIs had a major obstetric intervention. This figure was over 89% for 
all types of AMIs excluding antepartum haemorrhage, among which 60% of cases 
received surgery according to the broad AMI definition.  
Table 5.5 also presents the number of deaths before discharge among deliveries with 
AMIs that did not receive surgery. Based on the first assumption of the UON indicator, 
women with AMIs who do not receive surgery are predicted to die. However, there 
were no deaths among the seven hospital deliveries with strict AMIs who did not 
receive surgery (388 strict AMIs minus 381 surgeries). There were only two deaths 
among deliveries with broad AMIs, compared with the 155 expected deaths based on 
the number of broad AMIs who did not undergo surgery (1,168 broad AMIs minus 
1,013 surgeries). 
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Figure 5.2 Percentage of hospital deliveries with absolute maternal indications receiving 
surgery (N=384 strict AMIs and 1,168 broad AMIs) 
 
 
 
Table 5.5 Percentage of surgeries among absolute maternal indications 
AMI Number  
Deliveries with AMIs 
receiving surgery (%) 
Deliveries with AMIs 
not receiving surgery 
and resulting in death 
before discharge  
  Strict Broad Strict Broad Strict Broad 
Antepartum 
haemorrhage 
54 228  53 (98.1) 137 (60.1) 0 2 
Postpartum 
haemorrhage 
33 33  33 (100.0)  33 (100.0) 0 0 
Uterine rupture 61 61  60 (98.4)  60 (98.4) 0 0 
Malpresentation 52 138  49 (94.2) 123 (89.1) 0 0 
Cephalopelvic 
disproportion 
219 804 217 (99.1) 754 (93.8) 0 0 
Total 388 1,168 381 (98.2) 1,013 (86.7) 0 2 
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5.3.3. Absoluteness of AMIs at the population level and validity of the 
1.4% threshold 
Table 5.6 presents the distribution of caesareans, deliveries with surgery for AMIs, and 
pregnancy-related deaths from AMI-related causes according to maternal education. 
This analysis excludes 141 deliveries with missing educational level (including five 
pregnancy-related deaths), leaving 50,148 deliveries in the sample. There were 39 
deaths from AMI-related causes in the sample, corresponding to a pregnancy-related 
mortality from AMIs of 78 per 100,000 deliveries. Among all deliveries in the population, 
0.75% received surgery for a strict AMI and 2.01% for a broad AMI.  
AMI-related mortality ranged between 62 and 92 per 100,000 deliveries in the three 
lower educational groups, and was 213 per 100,000 among women with post-
secondary education; this difference was not statistically significant (p=0.511), as 
illustrated by the overlap between confidence intervals for these estimates. The 
percentage of deliveries receiving surgery for strict AMIs increased with education, 
from 0.56% among women with no education to 1.92% among women with post-
secondary education (p<0.001). This percentage also increased when looking at 
surgeries for broad AMIs, between 1.33% among women with no education and 4.05% 
among women with post-secondary education (p<0.001). The educational trend in the 
percentage of surgeries for AMIs parallels the trend in caesarean rate, with a gradual 
increase across the three lowest educational levels, followed by a substantial increase 
between the secondary and post-secondary education groups. 
I calculated the sum of deaths from AMI-related causes and surgeries for AMIs in order 
to assess whether it accounted for a constant percentage of deliveries (i.e. whether 
mortality from these causes made up the predicted deficit in surgeries) and whether 
this percentage was equal to 1.4%. Table 5.6 also presents the percentage of 
deliveries in each educational group with surgery for AMIs or death from AMI-related 
causes. Figure 5.3 and Figure 5.4 present the sum of pregnancy-related deaths from 
AMIs and surgeries for AMIs separately. Five women who received surgery for an AMI 
subsequently died; these five deliveries are included among pregnancy-related deaths 
from AMIs in these graphs since the need for obstetric care was not met for these 
women.  
Among all deliveries in the population, 0.82% received surgery for a strict AMI or ended 
in death from AMI, compared with 2.08% for broad AMIs; neither 95% confidence 
interval includes the 1.4% threshold suggested by the UON Network. Across 
educational levels, mortality from AMIs did not compensate for the shortfall in the 
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percentage of surgery for AMIs. The percentage of deliveries with AMI-related deaths 
or surgeries increased consistently with maternal education, from 0.64% among 
women with no education to 2.13% among women with post-secondary education for 
strict AMIs (p<0.001). The confidence interval only included 1.4% for post-secondary 
education. When using the broad definition, deliveries with surgery for AMIs or 
pregnancy-related deaths ranged between 1.41% with no education and 4.26% for 
post-secondary education (p<0.001), and the 95% confidence interval for this 
percentage included 1.4% only among women with no education. In the highest 
educational group, 4.3% of deliveries ended in AMI-related death or surgery (three 
times higher than the UON threshold).  
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Table 5.6 Sum of surgeries for AMIs and pregnancy-related deaths from AMI-related causes, stratified by maternal education 
Maternal 
education 
Total 
deliveries 
Caesarean 
rate (%) 
Pregnancy-related 
deaths from AMIs 
Percentage of deliveries with 
surgery for AMIs (95% CI)  
Percentage of deliveries with 
pregnancy-related deaths from AMIs or 
surgeries for AMIs (95% CI)a 
N 
Ratio per 
100,000 
deliveries (95% 
CI) 
Strict Broad Strict Broad 
None 18,465 2.9 17 92 (57-148) 0.56 (0.46-0.68) 1.33 (1.17-1.50) 0.64 (0.54-0.77) 1.41 (1.25-1.59) 
Primary  10,101 4.6 8 79 (40-158) 0.68 (0.54-0.86) 1.91 (1.66-2.20) 0.75 (0.60-0.94) 1.98 (1.73-2.27) 
Secondary  21,113 7.2 13 62 (36-106) 0.93 (0.81-1.07) 2.61 (2.40-2.83) 0.98 (0.86-1.12) 2.66 (2.45-2.88) 
Post-secondary  469 14.3 1 213 (30-1,500) 1.92 (1.00-3.65) 4.05 (2.60-6.27) 2.13 (1.15-3.92) 4.26 (2.77-6.52) 
Total 50,148 5.2 39 78 (57-106) 0.75 (0.68-0.83) 2.01 (1.89-2.13) 0.82 (0.75-0.90) 2.08 (1.96-2.21) 
aFive women died after having received surgery for an AMI (both in the strict and broad definitions); therefore the percentage of deliveries with deaths from AMIs or 
surgeries for AMIs is slightly lower than the sum of these two groups 
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Figure 5.3 Among all deliveries, percentage with surgery for AMIs and pregnancy-related 
deaths from AMIs, stratified by maternal education – Strict definition (N=50,148) 
 
 
Figure 5.4 Among all deliveries, percentage with surgery for AMIs and pregnancy-related 
deaths from AMIs, stratified by maternal education – Broad definition (N=50,148) 
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The type of AMIs varied according to educational level (Figure 5.5 and Figure 5.6). 
Notably, the percentage of deliveries receiving surgery for major cephalopelvic 
disproportion increased from 0.24% among women with no education to 1.49% in the 
post-secondary group using the strict definition (p<0.001), and from 0.81% to 2.99% 
using the broad definition (p<0.001). The differences in the overall percentage of 
surgeries for AMIs is almost entirely explained by differences in surgeries for major 
cephalopelvic disproportion, while the proportion of surgeries for the four other AMIs 
combined was almost constant, varying between 0.27-0.43% for the strict definition 
(p=0.114) and 0.50-1.07% for the broad definition (p=0.001). 
Figure 5.5 Among all deliveries, percentage receiving surgery for each type of strict AMI, 
stratified by maternal education 
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Figure 5.6 Among all deliveries, percentage receiving surgery for each type of broad AMI, 
stratified by maternal education 
 
 
5.3.4. Sensitivity analyses 
I repeated the calculation of the percentage of deliveries with surgery for AMIs or 
pregnancy-related deaths for 6 different scenarios, taking into account the three 
different mortality definitions outlined in section 5.2.3, and two AMI definitions including 
and excluding major cephalopelvic disproportion (Table 5.7). Pregnancy-related 
mortality after 22 weeks gestation (298 per 100,000 deliveries) was lower than the total 
pregnancy-related mortality (404 per 100,000), and both were substantially higher than 
mortality from AMIs. Contrary to mortality from AMIs, pregnancy-related mortality from 
all causes and after 22 weeks were highest among women with no education and 
lowest among women with post-secondary education. As expected based on the 
distribution of AMI categories in section 5.3.1, excluding major cephalopelvic 
disproportion from the definition of AMIs more than halved the percentage of surgeries 
for AMIs across educational groups.  
In all six scenarios, the percentage of deliveries with surgery for AMIs or pregnancy-
related death increased substantially with educational level, and pregnancy-related 
mortality did not account for the shortfall in surgeries for AMIs among less educated 
women. This pattern was found for both the strict and broad definitions of AMIs. In 
addition, most confidence intervals did not include the 1.4% threshold suggested by the 
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UON Network, and they did not overlap for the highest and lowest educational levels 
when including all AMIs, suggesting that no other threshold is compatible with the 
assumptions of the UON indicator. The confidence intervals overlapped when 
excluding surgeries for cephalopelvic disproportion, where numbers were very small.  
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Table 5.7 Sum of Major Obstetric Interventions for AMIs and pregnancy-related mortality ratio (PRMR) - Sensitivity analyses 
Maternal 
education 
% surgery for 
AMIs 
All pregnancy-related deaths 
(denominator=50,349) 
Pregnancy-related deaths after 22 
weeks (denominator=50,289) 
Pregnancy-related deaths from 
AMIs (denominator=50,289) 
Strict Broad PRMRa 
% deliveries 
with surgery or 
death (strict) 
% deliveries 
with surgery or 
death (broad) 
PRMRa 
% deliveries 
with surgery 
or death 
(strict) 
% deliveries 
with surgery 
or death 
(broad) 
PRMRa 
% deliveries 
with surgery 
or death 
(strict) 
% deliveries 
with surgery 
or death 
(broad) 
ALL ABSOLUTE MATERNAL INDICATIONS 
None 0.56 1.33 417 
0.97 
(0.84-1.12) 
1.74 
(1.56-1.94) 
303 
0.86 
(0.73-1.00) 
1.62  
(1.45-1.82) 
92 
0.64  
(0.54-0.77) 
1.41  
(1.25-1.59) 
Primary  0.68 1.91 376 
1.05 
(0.87-1.27) 
2.25 
(1.98-2.56) 
267 
0.94 
(0.77-1.15) 
2.15  
(1.88-2.45) 
79 
0.75  
(0.60-0.94) 
1.98  
(1.73-2.27) 
Secondary  0.93 2.61 388 
1.31 
(1.16-1.47) 
2.98 
(2.76-3.22) 
303 
1.22  
(1.08-1.38) 
2.90 
(2.68-3.13) 
62 
0.98  
(0.86-1.12) 
2.66  
(2.45-2.88) 
Post-secondary  1.92 4.05 213 
2.13 
(1.15-3.92) 
4.26 
(2.77-5.62) 
213 
2.13  
(1.15-3.92) 
4.26 
(2.77-6.52) 
213 
2.13  
(1.15-3.92) 
4.26  
(2.77-6.52) 
ABSOLUTE MATERNAL INDICATIONS EXCLUDING MAJOR CEPHALOPELVIC DISPROPORTION 
None 0.32 0.52 417 
0.73 
(0.62-0.86) 
0.93 
(0.80-1.08) 
303 
0.62 
(0.51-0.74) 
0.82 
(0.70-0.96) 
92 
0.41 
(0.32-0.51) 
0.61 
(0.50-0.73) 
Primary  0.27 0.50 376 
0.63 
(0.50-0.81) 
0.86 
(0.70-1.06) 
267 
0.52 
(0.40-0.69) 
0.75 
(0.60-0.94) 
79 
0.34 
(0.24-0.47) 
0.56 
(0.44-0.73) 
Secondary  0.43 0.79 388 
0.80 
(0.69-0.93) 
1.16 
(1.03-1.32) 
303 
0.72 
(0.61-0.84) 
1.08 
(0.95-1.23) 
62 
0.48 
(0.39-0.58) 
0.84 
(0.72-0.97) 
Post-secondary  0.43 1.07 213 
0.64 
(0.21-1.97) 
1.28 
(0.58-2.82) 
213 
0.64 
(0.21-1.97) 
1.28 
(0.58-2.82) 
213 
0.64 
(0.21-1.97) 
1.28 
(0.58-2.82) 
aPRMR: pregnancy-related mortality ratio
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5.4. Discussion 
5.4.1. Summary of main findings 
In total, 3% of hospital deliveries had an absolute maternal indication (AMI) based on 
the strict definition, and 8% based on the broad definition. Though uterine rupture was 
less prevalent among deliveries with higher education in hospitals (chapter 4), the 
prevalence of AMIs among hospital deliveries was similar across educational levels. 
Major cephalopelvic disproportion was the most common type of AMI, accounting for 
more than half of AMIs.  
The percentage of all deliveries in the population receiving surgery for AMIs was 0.76% 
using the strict definition and 2.01% with the broad definition. The strict estimate is 
close to previous findings by the UON Network in West Africa (ranging between 0.23% 
in Niger and 1.03% in Benin) [41]. Similar to the caesarean rate, the percentage of 
surgeries for AMIs increased substantially with maternal education, between 0.56-
1.92% for surgeries for strict AMIs; this socio-economic variation was larger than that 
found across districts in Mali [45], Morocco [46] or Tanzania [43].  
The absoluteness of AMIs – that is, whether they inevitably result in a maternal death 
without surgery – was tested among hospital deliveries and at the population level. In 
district hospitals in the study area, almost all AMIs (98% of strict AMIs and 90% of 
broad AMIs) received surgery, suggesting that obstetric care providers consider these 
complications to be absolute. However, only two deliveries classified as AMIs that did 
not receive surgery resulted in death before discharge, compared with the seven and 
155 deaths expected for strict and broad AMIs, respectively.  
At the population level, the absoluteness of AMIs was validated by determining whether 
mortality from these complications is higher among groups with a lower rate of 
surgeries for AMIs. Pregnancy-related mortality from AMIs was not inversely 
associated with the percentage of surgeries for AMIs across all groups, and did not 
compensate for the shortfall in obstetric surgeries among groups with fewer surgeries 
for AMIs. The educational gradient in the percentage of deliveries with AMI-related 
deaths or surgeries persisted regardless of the definition of pregnancy-related deaths 
or whether surgeries for major cephalopelvic disproportion were included.  
The validity of the 1.4% expected prevalence of AMIs was tested by determining 
whether the sum of AMI-related deaths and surgeries accounted for 1.4% of deliveries 
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across educational groups. This was the case in one group only (women with no 
education) using the broad definition of AMIs, and the 95% confidence interval included 
1.4% in only one group for each definition of AMIs (the lowest educational level using 
the broad definition, and the highest using the strict definition). The confidence intervals 
between the highest and lowest educational levels did not overlap (except when 
excluding surgeries for cephalopelvic disproportion due to small numbers), suggesting 
there is no other possible percentage of deliveries with AMI-related surgery or death 
that is constant across groups. 
5.4.2. Interpretation 
The findings from this study suggest that the UON indicator is not valid in central 
Ghana, and that groups with low rates of surgery for AMIs cannot be interpreted as 
having excess mortality from these causes in this setting. A previous study in 
Bangladesh similarly found that the sum of AMI-related deaths and surgeries increased 
with maternal education and wealth, and ranged between 0.25% and 2.41% [50].  
There are several possible explanations as to why deaths from AMIs and surgeries for 
AMIs were not found to add up to a constant percentage of deliveries across 
educational groups. First, deaths from AMIs could have been underestimated among 
less educated women. However, assuming that the estimated AMI prevalence among 
post-secondary women (2.13% strict AMIs and 4.26% broad AMIs) is real, the 
observed rates of surgeries for AMIs among women with no education (0.56% and 
1.14% respectively) would lead us to expect pregnancy-related mortality from AMIs of 
1,570 and 2,850 per 100,000 deliveries, based on the strict and broad estimates 
respectively. These mortality rates are higher than most observed all-cause pregnancy-
related mortality estimates, and it is unlikely that deaths from AMIs would have been 
underestimated to this extent.  
A second hypothesis would be that the number of surgeries for AMIs is overestimated 
among more educated women. The excess of surgeries among women with post-
secondary education was primarily explained by more caesareans for cephalopelvic 
disproportion. It is unlikely that an association of this magnitude reflects true 
differences in the prevalence of AMIs, since there is no reason that more educated 
women would be more likely to develop major cephalopelvic disproportion than less 
educated women. It is more likely that surgeries for prolonged labour are misclassified 
as surgeries for AMIs, thereby overestimating the prevalence of AMIs among more 
educated women. In Brong-Ahafo, the percentage of surgeries for AMIs increased 
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parallel to the caesarean rate, and it is known that even in settings with very high 
caesarean rates, many interventions continue to have a medical indication recorded: in 
120 facilities in Latin America with a median caesarean rate of 33%, less than 1% of 
caesareans were recorded as maternal requests without any other indication, and all 
other caesareans had at least one recorded medical indication [125]. This suggests 
that doctors may overestimate the severity of the condition in order to justify the 
caesarean [85], and that the ascertainment of AMIs according to socio-economic status 
is biased. Financial incentives for caesareans may also encourage doctors to 
misrecord the indication, if insurance companies only reimburse “necessary” 
caesareans, though it was unclear whether payment was dependent on documenting 
complications in Ghana [168]. The Bangladesh study similarly found that the higher 
rate of surgeries for AMIs among richer and more educated women was almost entirely 
explained by additional caesareans for cephalopelvic disproportion [50], indicating that 
misclassification of surgeries for cephalopelvic disproportion may be an issue in other 
settings. The percentage of surgeries for other types of AMIs was a lot more similar 
across groups (between 0.3-0.4%), suggesting that misclassification is less likely to be 
a concern for these conditions. Due to the bias in ascertainment of surgeries for major 
cephalopelvic disproportion, this study cannot test whether the true prevalence of AMIs 
varies across educational groups. 
Third, AMIs may not be absolute, i.e. may not necessarily result in death without 
surgery. Hospital deliveries recorded as having an AMI almost always survived even 
without surgery. However, the bias in the ascertainment of AMIs suggests that these 
cases may not have been true AMIs, and that doctors successfully identified true AMIs 
and ensured they received surgery in hospitals. A study with a case definition of AMIs 
based on clinical criteria would be necessary to evaluate whether AMIs necessarily 
result in death without surgery, or whether women can survive (even if with severe 
morbidity); however, there is no gold standard clinical definition of major cephalopelvic 
disproportion [48, 199], hindering the evaluation for this type of AMI. 
Though the misclassification issues outlined above prevent us from determining the 
true prevalence of AMIs in the study population, findings from this study may still help 
inform this prevalence. It is likely that the sum of AMI-related deaths and surgeries 
overestimates this prevalence among women with post-secondary education. However, 
if we assume that AMIs are not misclassified among women with no education, then 
the true prevalence of AMIs would be expected to lie between the strict and broad 
estimated prevalence in this group (0.64% to 1.41% of all deliveries). This would 
suggest that 1% may be a valid estimate of the minimum absolute threshold for the 
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caesarean rate, and that caesarean rates below 1% indicate an unmet need for life-
saving surgery. 
In the four district hospitals in the study area, diagnosis data identified most AMIs, 
while indications for surgery contributed very few additional AMIs to the combined AMI 
definition. Surgeries for AMIs may thus be underestimated by relying on indications 
data only, as has been the case in most previous studies [43, 44, 46].  
5.4.3. Strengths and limitations 
The availability of hospital data linked to population-based socio-economic and 
mortality data allowed for validating the UON indicator, and was a major strength of this 
study. Most studies to date have compared the UON indicator according to district or 
area of residence (rural/urban) [43-46], this study confirmed that these differentials also 
exist for maternal education. There were few missing data for educational level among 
pregnancy-related deaths (2%).  
Information on obstetric complications and indications for surgery were missing for 
women who sought care in hospitals outside of the study area, which may have 
resulted in underestimating the percentage of all deliveries receiving surgery for AMIs. 
However, only 328 of the 50,289 deliveries in the sample (0.6%) occurred in hospitals 
outside of the four study districts and the percentage of deliveries in these hospitals 
was higher among more educated women, indicating that the observed educational 
gradient in surgeries for AMIs would not disappear if information were available for 
these deliveries.  
In the ObaapaVitA study, clinical data were extracted from medical records 
prospectively in a standardised way, and data collection for women with complications 
was further reviewed by research managers. The quality of clinical data in this study is 
therefore very likely to be considerably better than in other facilities in sub-Saharan 
Africa or South Asia, particularly since most studies rely on retrospective data 
extraction. This study found evidence of misclassification of AMI-related surgeries in 
Brong-Ahafo, however the extent of misclassification is probably lower than in other 
settings. Therefore, since the UON indicator is not valid in Ghana, it is highly unlikely 
that the data will be good enough for it to be valid in most other settings in sub-Saharan 
Africa and South Asia. 
5.5. Conclusion 
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The sum of surgeries for AMIs and deaths from AMIs did not represent a constant 
percentage of deliveries (whether 1.4% or another benchmark) across educational 
levels, and the UON indicator was found not to be valid in this setting. The excess in 
surgeries for AMIs among more educated women was predominantly accounted for by 
additional caesareans for major cephalopelvic disproportion, suggesting that the 
indicator is not valid because surgeries for less severe complications are probably 
misclassified as surgeries for AMIs. Considering the high quality data of the 
ObaapaVitA study, misclassification of AMI-related surgeries is likely to be an issue in 
other settings, and thus validation studies elsewhere are unlikely to confirm its validity 
elsewhere. Assuming that the prevalence of AMIs among women with no education 
(0.64-1.41%) is unbiased, the 1% threshold used as the minimum necessary rate for 
life-saving caesareans may be valid. 
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Chapter 6. Contribution of hospital 
data to assessing the unmet need 
for caesareans 
 
Chapter 6 addresses objective 3.3 of this thesis by presenting the caesarean rate and 
indications for caesareans among hospital deliveries. This chapter begins by describing 
the urgency of and clinical indications for caesareans in central Ghana. It then 
investigates whether the caesarean rate varies according to the type of obstetric 
complication and Robson category. It lastly assesses whether less educated women 
are less likely to receive a caesarean within hospitals by examining variations in the 
caesarean rate among complicated deliveries according to maternal education. 
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6.1. Introduction 
Data on indications for caesareans are routinely collected in most maternity services 
and presented frequently. However, as discussed in chapter 1, the distribution of the 
urgency of and indications for caesareans does not appear to be useful for measuring 
the unmet need for caesareans, since they do not have validated benchmarks. The 
Robson classification may be useful for identifying unmet need in one category 
(transverse or oblique lies), since these are absolute maternal indications (AMIs) with a 
clear minimum caesarean rate of 100%, however its usefulness for other groups is 
limited without validated minimum rates. 
However, even if clinical data cannot be used to measure the unmet need directly, 
other approaches to analysing hospital data on caesareans may provide insights into 
patterns of access to care, both in reaching health facilities and in the care received 
within them. Indeed, groups with differing utilisation of delivery care are predicted to 
have different distributions of urgency of and indications for caesareans among hospital 
deliveries: for example, women with no education (who have low facility delivery and 
caesarean rates, see chapter 4) are hypothesised to have more emergency 
caesareans and more caesareans for severe indications than more educated women, 
who have better access to care. Within facilities, the unmet need for caesareans 
cannot be calculated among non-absolute complications since the minimum optimal 
caesarean rate is unknown in these groups, though it is possible to determine whether 
variations in the caesarean rate across complications is consistent with the predicted 
level of need for caesareans. Furthermore, comparing the caesarean rate among each 
type of complication across educational groups can help understand whether less 
educated women are less likely to receive a caesarean within facilities. 
6.1.1. Objectives 
The objective of this chapter is to examine whether hospital data on caesareans can be 
presented in a useful way to inform our understanding of the unmet need for caesarean 
sections and access to care among hospital deliveries.  
Specifically, in this chapter I will: 
1. Describe the urgency status and clinical indications for caesareans; 
2. Examine variations in the caesarean rate among deliveries with different 
complication types and among Robson categories;  
 191 
 
3. Determine whether the urgency of and indications for caesareans vary 
according to educational groups known to have different access to delivery 
care; and 
4. Assess whether access to caesareans within facilities varies with education by 
determining whether less educated women have lower caesarean rates than 
more educated women with the same complication types.  
6.2. Methods 
In this analysis, I use the hospital subsample from the ObaapaVitA trial, which includes 
information on more than 90% of women who reported delivering at one of the four 
district hospitals in the study area. The selection of hospital deliveries and construction 
of mode of delivery and socio-economic variables are detailed in chapter 4 (sections 
4.2.6 and 4.2.7). I exclude from this analysis 380 postpartum admissions, leaving a 
total sample of 13,506 deliveries in hospitals.  
Additional methods specific to this analysis are described below. 
6.2.1. Definition of outcomes  
Emergency vs. elective caesareans 
Caesareans were categorised in the hospital data extraction form as emergency or 
elective based on the mode of delivery recorded by hospital-based data supervisors 
(“How was the baby delivered?”; response options: “Normally through the vagina”, 
“Forceps”, “Vacuum”, “Emergency caesarean section” and “Elective caesarean 
section”). The ObaapaVitA trial used a definition of emergency caesarean based on 
decision time (where the decision to perform the caesarean is made after the onset of 
labour), rather than operation time (where the caesarean itself is performed after the 
onset of labour) [127]. Caesareans were classified as emergencies based on 
information in the hospital notes regarding whether women were in labour at the time of 
the decision.  
Classification of clinical indications for caesareans 
The hospital data collection form recorded indications for caesareans and other 
obstetric surgeries. The code list consisted of 40 individual indications for obstetric 
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surgery as well as an “Unknown” code, of which 7 were postpartum conditions not 
relevant for caesareans.  
The classification proposed by Stanton et al. was used to classify indications for 
caesareans [49]. The WHO systematic review of classifications of caesareans [75] 
mentioned in section 1.5 did not highly rate this classification because it did not provide 
clear definitions for each group and it had not been tested on real patients. 
Nonetheless, the Stanton classification was used in this study because it was one of 
the most detailed classifications and enabled for distinguishing between absolute 
maternal and non-absolute indications. I used data on recorded diagnoses in order to 
sub-categorise some indications categories (for instance, caesareans for “antepartum 
haemorrhage from placenta praevia” were classified as “major antepartum 
haemorrhage” if the delivery had a diagnosis of placenta praevia type III or IV, and as 
“antepartum haemorrhage (excluding AMIs)” otherwise). There were no available 
indications that were classifiable as “genitourinary fistula” or “psychosocial indications”, 
and these categories were omitted from the classificiation. Three categories could not 
be mapped onto Stanton et al.’s classification and were added as separate categories 
(“multiple pregnancy”, “other”, and “unknown”). Table 6.1 presents the classification of 
indications for caesarean used in this chapter. 
Dealing with multiple indications 
The hospital form allowed for up to three indications to be recorded. Caesareans with 
at least one AMI were classified as caesareans for AMIs; among AMIs, indications are 
not hierarchical, and therefore all indications recorded for caesareans for AMIs are 
reported. Caesareans with no AMIs were categorised as caesareans for non-absolute 
indications, and similarly all recorded indications are reported among these caesareans 
(including multiple indications). The indications categories are therefore not mutually 
exclusive. 
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Table 6.1 Classification of indications for caesarean 
Category Indications Complication 
ABSOLUTE MATERNAL INDICATIONS 
Obstructed labour 
Cephalopelvic disproportion (CPD) Obstructed labour 
Macrosomia Obstructed labour 
Major antepartum 
haemorrhage 
Antepartum haemorrhage due to 
placenta praevia 
Partial placenta praevia, 
placenta praevia type III 
Complete placenta praevia, 
placenta praevia type IV 
Malpresentation 
Transverse lie   
Brow presentation   
Face presentation   
Oblique lie   
Uterine rupture 
Uterine rupture   
Pre-uterine rupture or Bandl’s ring   
NON-ABSOLUTE INDICATIONS 
Failure to progress 
Cephalopelvic disproportion (CPD) 
No diagnosis of obstructed 
labour 
Macrosomia 
No diagnosis of obstructed 
labour 
Cervical stenosis/dystocia   
Vaginal stenosis/dystocia   
Premature rupture of membranes   
Prolonged labour   
Previous caesarean 
Previous caesarean section/Scarred 
uterus   
Genitourinary fistula or 
third-degree tear repair 
- 
  
Antepartum 
haemorrhage 
(excluding AMIs) 
Antepartum haemorrhage due to 
placenta praevia 
No diagnosis of partial 
placenta praevia type III type 
IV 
Antepartum haemorrhage due to 
placental abruption   
Antepartum haemorrhage, cause 
unspecified   
Maternal medical 
diseases 
Medical conditions in the mother 
  
Severe pre-eclampsia 
or eclampsia 
Pregnancy-induced hypertension   
Pre-eclampsia   
Eclampsia   
Psychosocial 
indications 
- 
  
Fetal compromise 
Fetal distress   
Cord prolapse   
Cord around the neck   
Congenital malformation (baby)   
Hydramnios   
Oligoamnios   
Hydrocephalus   
Breech presentation 
Breech presentation   
Footling breech   
Multiple pregnancy Multiple pregnancy   
Other Other   
Unknown/no 
information 
Not known 
  
 194 
 
Robson classification 
The Robson classification was described in chapter 1 (Table 6.2). I modified the 
Robson classification for this analysis (Table 6.3) because induction of labour was not 
recorded in the ObaapaVitA hospital form: I grouped all nullipara with singleton 
cephalic delivery (groups 1 and 2), and all multipara with singleton cephalic delivery 
and no previous caesarean (groups 3 and 4) together, respectively.  
Table 6.2 Robson classification [64] 
 1 - Nulliparous, singleton cephalic, ≥ 37 weeks, in spontaneous labour 
 2 - Nulliparous, singleton cephalic, ≥ 37 weeks, induced or caesarean before labour 
 3 - Multiparous (excluding previous caesarean), singleton cephalic, ≥ 37 weeks, in 
spontaneous labour 
 4 - Multiparous (excluding previous caesarean), singleton cephalic, ≥ 37 weeks, induced 
or caesarean before labour 
 5 - Previous caesarean, singleton cephalic, ≥ 37 weeks 
 6 - All nulliparous breeches 
 7 - All multiparous breeches (including previous caesarean) 
 8 - All multiple pregnancies (including previous caesarean) 
 9 - All abnormal lies (including previous caesarean) 
10 - All singleton cephalic, ≤ 36 weeks (including previous caesarean)  
Table 6.3 Modified Robson classification used in this analysis 
1/2 - Nulliparous, term singleton cephalic 
3/4 - Multiparous (no previous caesarean), term singleton cephalic 
  5 - Previous caesarean, term singleton cephalic 
  6 - All nulliparous breeches 
  7 - All multiparous breeches (including previous caesarean) 
  8 - All multiple pregnancies (including previous caesarean) 
  9 - All abnormal lies (including previous caesarean) 
10 - Pre-term singleton cephalic (including previous caesarean) 
Singleton cephalic deliveries with an estimated gestational age of less than 37 weeks 
or less than 9 months were classified as pre-term singleton cephalic deliveries (group 
10). Previous caesarean section was not recorded for all deliveries, so I used maternal 
self-report from the profile form to identify women with a previous caesarean. For a 
number of women, this information was collected after delivery: 112 women delivered 
by caesarean and stated having a previous caesareans after the index delivery, making 
it impossible to ascertain whether they had received a caesarean before the most 
recent delivery. These women account for 14% of the 774 women who reported a 
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previous caesarean and delivered by caesarean at the index pregnancy, and they were 
classified as having a previous caesarean.  
Classification of delivery complications 
The classification of delivery complications was described in chapter 4 (Table 4.2 on 
page 117). Women admitted postpartum were excluded from this analysis, though 
women who were admitted before or during delivery may have developed postpartum 
complications (such as postpartum haemorrhage and infection). In this analysis I do not 
present information on postpartum complications or non-obstetric complications from 
the classification, since caesareans are not used to treat these conditions.  
6.2.2. Statistical analyses 
I first described the indications for all caesareans among hospital deliveries, including 
the percentage of emergency caesareans and caesareans performed for AMIs, as well 
as for each clinical indication. Hospital deliveries were further classified into Robson 
groups, and the caesarean rate calculated in each category. 
Second, I calculated the caesarean rate among hospital deliveries with different 
obstetric complications, in order to assess whether the caesarean rate varies according 
to the hypothesised level of need for caesareans (for example, whether more severe 
dystocic complications have higher caesarean rates than deliveries with less severe 
dystocia).   
Lastly, I examined whether indications for caesareans and the caesarean rate in 
hospitals (for all deliveries and stratified by complication) vary according to maternal 
education, in order to assess whether less educated women are less likely to receive a 
caesarean than more educated women. As in the previous chapter, maternal education 
was chosen because it had the widest variation in facility delivery and caesarean rates 
(see chapter 4), which allowed for examining how differences in access affect the 
distribution of indications for caesareans and whether population-based differences in 
caesarean rates are partly explained by differential access to caesareans within 
hospitals. Chi-square tests were used to test for differences in indications and the 
caesarean rate according to maternal education. 
6.3. Results  
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The sample used for this analysis consisted of 13,506 women with a record of 
admission during pregnancy or labour (but excluding postpartum admissions) in the 
district hospitals of the study area, of which 2,306 delivered by caesarean. The 
analyses according to maternal education excluded 30 hospital deliveries with missing 
information (including six by caesarean).  
6.3.1. Indications for caesareans 
Emergency status 
Caesareans accounted for 17% (n=2,306) of hospital deliveries. Overall, 90.1% 
(n=2,078) of caesareans were emergency interventions (where the decision was made 
after the onset of labour), and 9.9% were elective caesareans. The emergency 
caesarean rate (percentage of hospital deliveries with emergency caesareans) was 
15.4%.  
Clinical indications 
Of the 2,306 caesareans, 1,498 (65%) had one recorded indication, 682 (30%) had two 
recorded indications and 93 (4%) had three recorded indications. The indication was 
unknown in 33 caesareans (1.4%). 
Table 6.4, Figure 6.1 and Figure 6.2 present the recorded indications for caesareans 
among hospital deliveries, stratified according to absolute maternal and non-absolute 
indications. Of the 2,306 caesareans, 9.7% (n=224) were performed for AMIs, among 
which malpresentation and obstructed labour were the most common indications (42% 
and 32% of caesareans for AMIs, respectively). Eighty-nine percent (n=2,049) of all 
caesareans were performed for non-absolute indications; among these, failure to 
progress was recorded as an indication in more than half (55%) of procedures. One 
quarter (26%) of caesareans for non-absolute indications had an indication of previous 
caesarean, and 18% of fetal compromise. In total, 447 caesareans for non-absolute 
indications (22%) had at least one indication coded as “other”.  
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Table 6.4 Indications for caesarean sections among hospital deliveries 
Indication N % 
Absolute Maternal Indications 224 9.7 
Obstructed labour 81 36.2 
Major antepartum haemorrhage 12 5.4 
Malpresentation 93 41.5 
Uterine rupture or pre-rupture 42 18.8 
Non-absolute indications 2,049 88.9 
Failure to progress 1,118 54.6 
Previous caesarean 537 26.2 
Antepartum haemorrhage (excluding AMIs) 95 4.6 
Maternal medical diseases 15 0.7 
Severe pre-eclampsia or eclampsia 120 5.9 
Fetal compromise 365 17.8 
Breech presentation 136 6.6 
Multiple pregnancy 43 2.1 
Other 447 21.8 
Unknown indication 33 1.4 
Total 2,306 - 
Note: the indications presented in this table include multiple indications, and therefore the sum of all 
absolute maternal and non-absolute indications adds up to over 100%. 
 
Figure 6.1 Distribution of indications among caesareans performed for absolute maternal 
indications – hospital deliveries (N=224) 
 
Note: some caesareans had multiple absolute maternal indications, and therefore the sum of all indications 
adds up to over 100%. 
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Figure 6.2 Distribution of indications among caesareans performed for non-absolute 
indications – hospital deliveries (N=2,049) 
 
Note: some caesareans had multiple non-absolute indications, and therefore the sum of all indications 
adds up to over 100%. 
 
6.3.2. Caesarean rates among Robson categories 
Table 6.5 presents the distribution of deliveries and caesareans according to the 
modified Robson classification. Multiparous women with a singleton cephalic delivery 
and no previous caesarean represented the largest group of hospital deliveries (41%), 
followed by pre-term singleton cephalic deliveries (29%). The caesarean rate was 
almost twice as high among nullipara as multipara with a singleton cephalic delivery 
(19% compared with 10%), and half of all caesareans (47%) occurred in these two 
groups. Almost all transverse and oblique lies had a caesarean (96%), suggesting 
there is very little or no unmet need for caesareans in this group. The caesarean rate 
was similar among singleton breech deliveries for nullipara (100%) and multipara 
(93%), while less than one third of multiple births and 58% of women with a previous 
caesarean had a surgical delivery; it is not possible to interpret these findings in 
relation to the unmet need for caesareans, since the minimum caesarean rate in these 
categories is not known. 
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Table 6.5 Distribution of hospital deliveries and caesareans according to modified 
Robson categories 
  
Robson category N (%) 
Caesarean 
rate 
Percentage of 
all caesareans 
in category 
1/2 Nullipara, singleton cephalic delivery 2798 (20.8) 18.9 23.0 
3/4 
Multipara (no previous caesarean), 
singleton cephalic delivery 
5452 (40.5) 10.0 23.7 
5 
Multipara with previous caesarean, 
singleton cephalic delivery 
771 (5.7) 58.1 19.5 
6 Nullipara singleton breech delivery 45 (0.3) 100.0 2.0 
7 
Multipara singleton breech delivery 
(including previous caesarean) 
58 (0.4) 93.1 2.3 
8 
Multiple pregnancy (including previous 
caesarean) 
442 (3.3) 31.4 6.0 
9 
Singleton transverse or oblique delivery 
(including previous caesarean) 
51 (0.4) 96.1 2.1 
10 
All pre-term singleton cephalic 
(including previous caesarean) 
3868 (28.7) 12.7 21.4 
 
6.3.3. Caesarean rate among deliveries with complications 
Table 6.6 and Figure 6.3 present the caesarean rate among hospital deliveries with 
complications. Almost two thirds (65%) of deliveries with any complication were by 
caesarean, compared with only 2% of deliveries with no recorded complication. The 
caesarean rate was broadly consistent with the expected level of need for caesareans: 
it was highest for deliveries with dystocia (90%), and lower for deliveries with 
hypertension (45%) and other obstetric complications (21%), among which caesareans 
are not the most common treatment. Among specific complications, the caesarean rate 
was almost 100% among deliveries with obstructed labour and uterine rupture, two 
AMIs, and it was lower among less severe complications (such as pre-eclampsia 
compared with eclampsia, and antepartum haemorrhage from major placenta praevia 
compared with other antepartum haemorrhage). However, the caesarean rate among 
breech deliveries was higher than among malpresentations (97% compared with 94%), 
which is inconsistent with the fact that the latter are AMIs while breech is not.  
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Figure 6.3 Caesarean rates among deliveries with complications (N=3,234) 
 
Note: “Antepartum haemorrhage (major PP)” refers to antepartum haemorrhage from major placenta 
praevia 
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Table 6.6 Caesarean section rate among hospital deliveries, stratified according to 
obstetric complication (n=13,506 hospital deliveries) 
Complication N 
Caesarean 
rate (%) 
Dystocia 1,844 89.6 
Obstructed labour 216 98.2 
Cephalopelvic disproportion 657 93.0 
Cervical/vaginal dystocia 513 95.5 
Prolonged labour (cause unspecified) 497 80.3 
Breech presentation 155 96.8 
Malpresentation 108 94.4 
Other dystocia 363 94.2 
Haemorrhage 275 66.9 
Uterine rupture or pre-rupture 57 98.3 
Antepartum haemorrhage from major placenta 
praevia 
16 93.8 
Other antepartum haemorrhage 212 57.6 
Hypertension 458 45.2 
Pregnancy-induced hypertension 258 39.9 
Pre-eclampsia 137 50.4 
Eclampsia 78 55.1 
Other obstetric complications 340 20.6 
Embolism 1 0.0 
Premature labour 146 7.5 
Premature rupture of membranes 206 29.1 
False labour 6 16.7 
Hyperemesis gravidarum 2 0.0 
Fetal complications 1,170 60.3 
Fetal distress 394 89.1 
Meconium staining 780 54.0 
Amniotic fluid conditions 36 55.6 
Cord prolapse 52 69.2 
Cord around the neck 153 57.5 
Any complication 3,234 64.9 
No complication 10,270 2.1 
 
6.3.4. Variation in indications and caesarean rates according to maternal 
education 
Caesarean rate among hospital deliveries 
There was little variation in the hospital caesarean rate according to maternal 
education (see Table 6.7). The rate was slightly higher among women with secondary 
school education or higher (18%), compared to 15-16% among less educated women 
(p<0.001). The percentage of caesareans that were emergency procedures was lower 
among women with post-secondary education, though there was no evidence that this 
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difference was significant (85% compared with 90-91% among women with no, primary 
or secondary education, p=0.724). However, the emergency caesarean rate increased 
from 13% among women with no education to 17% among women with secondary 
education, and declined slightly in the post-secondary education group (p<0.001). 
Table 6.7 Hospital caesarean rate and emergency status of caesareans according to 
household wealth and maternal education (hospital deliveries) 
Maternal 
education 
Hospital 
deliveries 
(N) 
Hospital 
caesarean rate 
Emergency 
caesarean rate 
% Emergency 
caesareans 
% p-value % p-value % p-value 
None 3,263 14.5 
<0.001 
13.1 
<0.001 
90.5 
0.724 
Primary  2,561 16.4 14.7 90.0 
Secondary  7,383 18.4 16.6 90.2 
Post-secondary  269 17.8 15.2 85.4 
All hospital 
deliveries 
13,506 17.1 - 15.4 - 90.1 - 
 
Indications for caesareans 
Table 6.8 presents clinical indications for caesareans stratified by maternal education. 
Six caesarean deliveries following admission during labour were excluded because of 
missing data on education (n=2,300). There was weak evidence that the percentage of 
caesareans performed for AMIs was higher among women with less education than 
more education (p=0.065); this percentage was 13% among women with no education 
and 8% among women with post-secondary education. Among caesareans performed 
for AMIs, the proportion with an indication of obstructed labour was highest among 
women with primary and post-secondary education (p=0.016). There was no difference 
in the proportion of caesareans for AMIs with major antepartum haemorrhage, 
malpresentation or uterine rupture. Similarly, there was no difference in the percentage 
of caesareans with most indications among caesareans for non-absolute indications, 
with the exception of non-AMI antepartum haemorrhage which decreased from 7% 
among women with no education to 2% among women with post-secondary education 
(p=0.036). There was weak evidence that multiple pregnancy was a more common 
indication among less educated than more educated women (p=0.086). 
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Table 6.8 Percentage of caesareans with indications (including multiple indications), 
stratified by maternal education (n=2,300) 
Indication 
No 
education 
(n=473) 
Primary 
(n=419) 
Secondary 
(n=1,360) 
Post-
secondary 
(n=48) 
Chi-
square p-
value 
Absolute Maternal 
Indications 
12.9 9.8 8.7 8.3 - 
Obstructed labour 21.3 51.2 38.1 50.0 0.016 
Major antepartum 
haemorrhage 
8.2 2.4 5.1 0.0 0.593 
Malpresentation 45.9 34.1 41.5 50.0 0.678 
Uterine rupture or pre-rupture 24.6 14.6 17.8 0.0 0.421 
Non-absolute indications 85.6 89.2 89.8 89.6 - 
Failure to progress 53.6 57.7 52.8 45.5 0.262 
Previous caesarean 24.5 29.9 25.3 15.9 0.107 
Antepartum haemorrhage 
(excluding AMIs) 
7.0 4.8 3.7 2.3 0.036 
Maternal medical diseases 1.0 0.8 0.6 0.0 0.848 
Severe pre-eclampsia or 
eclampsia 
4.1 5.3 6.3 11.4 0.150 
Fetal compromise 19.7 14.6 17.6 15.9 0.295 
Breech presentation 5.6 5.8 6.8 13.6 0.196 
Multiple pregnancy 3.4 0.8 2.0 2.3 0.084 
Other 23.3 22.2 20.2 29.5 0.281 
Unknown 1.5 1.0 1.5 2.1 - 
 
Caesarean rate among deliveries with complications 
Table 6.9 and Figure 6.4 present the caesarean rate for deliveries with complications, 
stratified by maternal education. There was a significant rise in the caesarean rate 
across educational levels among women with any complication, ranging from 60% 
among women with no education to 71% among women with post-secondary education 
(p=0.004). There was only weak evidence that the caesarean rate also increased with 
educational level among deliveries with no complications (p=0.059).  
Women with dystocia, haemorrhage, and other obstetric complications had similar 
caesarean rates across educational levels (including three AMI categories: uterine 
rupture, obstructed labour and malpresentation). The caesarean rate among deliveries 
with hypertension increased from 35% in the lowest educational group to 67% in the 
highest, as well as within each type of hypertensive complication, though there was 
only weak evidence that this trend was significant (p=0.086). However, more educated 
women with fetal complications were more likely to deliver by caesarean than less 
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educated women (75% of women with post-secondary education compared with 52% 
of women with no education, p<0.001), driven by caesarean rate differences in 
deliveries with fetal distress and meconium staining. There was no educational 
difference in the caesarean rate for complicated deliveries after excluding fetal 
complications (p=0.336, data not shown).  
Figure 6.4 Caesarean rate among deliveries with complications, stratified by maternal 
education (N=2,300) 
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Table 6.9 Percentage of caesareans among deliveries with complications, stratified by maternal education 
Complication N 
Caesarean rates by educational level 
P-
value No 
education 
Primary Secondary 
Post-
secondary 
Dystocia 1,839 88.1 90.1 90.1 89.5 0.744 
Obstructed labour 214 98.0 100.0 97.4 100.0 0.730 
Feto-pelvic disproportion 653 89.3 94.1 94.4 83.3 0.100 
Cervical/vaginal dystocia 513 91.2 96.8 95.9 100.0 0.276 
Prolonged labour (cause unspecified) 493 80.6 82.4 79.6 81.8 0.948 
Breech presentation 154 93.3 96.0 97.8 100.0 0.633 
Malpresentation 108 100.0 85.0 94.5 100.0 0.148 
Other dystocia 362 97.8 92.6 92.6 100.0 0.266 
Haemorrhage 273 63.3 65.1 70.1 50.0 0.634 
Uterine rupture or pre-rupture 57 95.2 100.0 100.0 - 0.418 
Antepartum haemorrhage from major placenta praevia 16 100 100 87.5 100 0.785 
Other antepartum haemorrhage 210 51.5 59.5 61.2 33.3 0.503 
Hypertension 455 34.9 45.7 47.7 66.7 0.086 
Pregnancy-induced hypertension 255 30.0 45.8 40.9 55.6 0.294 
Pre-eclampsia 137 42.1 40.0 53.3 100.0 0.182 
Eclampsia 78 38.9 53.8 61.7 - 0.253 
Other obstetric complications 340 19.2 21.7 19.9 40.0 0.720 
Embolism 1 - 0.0 - - - 
Premature labour 146 2.9 3.4 11.3 0.0 0.315 
Premature rupture of membranes 206 30.4 35.5 25.6 66.7 0.326 
False labour 6 0.0 50.0 0.0 - 0.301 
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Complication N 
Caesarean rates by educational level 
P-
value No 
education 
Primary Secondary 
Post-
secondary 
Hyperemesis gravidarum 2 0.0 - 0.0 - - 
Fetal complications 1,165 52.4 53.8 65.1 75.0 <0.001 
Fetal distress 393 82.0 90.0 91.1 100.0 0.090 
Meconium staining 775 46.1 48.1 58.5 68.4 0.008 
Amniotic fluid conditions 36 42.9 62.5 64.3 - 0.472 
Cord prolapse 52 70.6 70.0 68.0 - 0.983 
Cord around the neck 152 57.1 37.0 61.6 100.0 0.043 
Any complication  3,215 59.7 64.5 67.0 70.5 0.004 
No complication 10,250 1.4 2.0 2.3 2.4 0.059 
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6.4. Discussion 
6.4.1. Summary of main findings 
Caesarean rates were consistent with the predicted level of need for caesareans: they 
were highest among dystocic complications, and lowest for “other obstetric 
complications” which infrequently require a caesarean. The caesarean rate among 
deliveries with eclampsia was similar to that found in a systematic review of caesarean 
rates in hospitals in sub-Saharan Africa (median across studies: 64%, compared with 
55% in Brong-Ahafo), though it was much higher for women with prolonged labour 
(median: 22%, compared with at least 80% in Ghana) [86], probably partly because of 
different case definitions. As shown in the previous chapter, almost 100% of obstructed 
labours, uterine ruptures and malpresentations had a surgical delivery, suggesting the 
need for caesareans in these AMIs is met among hospital deliveries. 
Overall, the caesarean rate among complicated deliveries increased with education, 
driven by the trend among deliveries with fetal complications (and a borderline trend 
among deliveries with hypertension). For most individual complications, including the 
three AMIs, women were equally likely to deliver by caesarean regardless of their 
education.  
Ninety percent of caesareans were emergency operations. Women with post-
secondary education had a lower percentage (though not significantly) of emergency 
procedures among caesarean deliveries (85%), however the percentage of emergency 
caesareans among all hospital deliveries increased with education (p<0.001). Failure to 
progress was the most common indication for caesareans, as has previously been 
found in other settings in sub-Saharan Africa [79, 81, 83] and Asia [80, 82]. One 
quarter of caesareans were performed for previous caesarean, which is within the 12-
43% range observed across 8 sites in sub-Saharan Africa [85]. There was no 
difference in the percentage of caesareans with each indication by education, except 
for antepartum haemorrhage other than AMIs which were less common with higher 
education. 
6.4.2. Interpretation 
As expected, analysing the distribution of emergency caesareans and indications for 
caesareans was not useful for assessing the unmet need for caesareans within 
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facilities, including when stratified according to education. The very high caesarean 
rates observed among AMIs indicates that the need for caesareans is met for these 
complications among hospital deliveries. However, without benchmarks for minimum 
necessary caesarean rates among “non-absolute” complications, it is not possible to 
conclude whether the need for caesareans is met in these groups, or among all but one 
Robson category (transverse and oblique lies). The variation in caesarean rates was 
nonetheless broadly consistent with the predicted level of need for caesareans, with 
the exception that caesarean rates among breech deliveries was higher than among 
malpresentations. Though the minimum optimal caesarean rate for breech is not 
known, it is likely to be less than 100% since all breeches do not require surgery to 
avert poor maternal or perinatal outcomes: the caesarean rate of almost 100% 
suggests that there is no unmet need for caesareans among breech deliveries, though 
it is not possible to assess whether unnecessary caesareans were performed in this 
group.  
To my knowledge, this was the first study to analyse variations in the caesarean rate 
among obstetric complications stratified by education. For all types of complications 
except fetal complications, women were equally likely to receive a caesarean 
regardless of their educational level. Though the minimum optimal caesarean rate is 
not known for most complications, and therefore the magnitude of unmet need for 
caesareans cannot be calculated, the results from this study suggest that the unmet 
need among hospital deliveries (if any) is similar across educational levels in the 
ObaapaVitA study area. This further indicates that discrepancies in the population-
based caesarean rate are primarily driven by differences in access to deliveries in 
facilities performing caesareans, rather than in access to caesareans within facilities.  
The increase in caesarean rate with education among women with fetal complications 
is unlikely to be due to chance (p<0.001) or to bias in the ascertainment of caesareans, 
since data were collected prospectively and supervised by the study team. The 
diagnosis of fetal distress relies on a subjective assessment by obstetric care providers 
[205], however it is improbable that less severe fetal distress would be more likely to be 
recorded among less educated women, and hence this association is unlikely to be 
explained by bias in this diagnosis. Confounding due to the severity of fetal 
complications is also unlikely, since more educated women were equally likely to 
experience severe fetal complications such as cord prolapse or cord around the neck 
as less educated women (see chapter 4). The educational gradient in the caesarean 
rate among women with fetal complications may be real, and if so would suggest that 
either less educated women are not receiving the care they need, or that more 
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educated women are receiving unnecessary caesareans (or both). It is not possible to 
determine which of these alternatives is true without knowing the optimal caesarean 
rate for fetal complications. The barriers faced in accessing care for fetal complications 
by women with less education may be financial (the extent of user fees for caesareans 
and National Health Insurance Scheme coverage throughout the study period is 
uncertain [168]), though these would be expected to affect all complications rather than 
just fetal ones. They may also be communication- or discrimination-related barriers, 
echoing findings elsewhere in Ghana where patients from rural areas were found to 
receive differential treatment from providers in hospitals [206]. 
6.4.3. Strengths and limitations 
This is the first study to analyse clinical data on caesareans according to maternal 
education. The major strength of this study is that both clinical data on caesareans and 
delivery complications, as well as maternal socio-economic information, were available 
for hospital deliveries. Though available indications codes were not detailed enough, 
the availability of complications data enabled me to use Stanton et al.’s indications 
classification and distinguish between caesareans performed for absolute maternal and 
non-absolute indications [49]. Information on induction of labour was not available and 
therefore it was not possible to classify deliveries into all ten original Robson 
categories. Moreover, the assessment of gestational age was made on the basis of last 
menstrual period rather than early pregnancy ultrasound, raising concerns about 
misclassification which are supported by the relatively high proportion of deliveries in 
the pre-term group (29%, compared with the 12.3% estimate for sub-Saharan Africa 
based on a systematic global analysis of available data [207]). 
The limitations of indications data have been extensively mentioned in the literature, 
regarding both completeness and validity, but rarely quantified. An assessment of 
caesarean records in nine facilities in sub-Saharan Africa and Bangladesh found that 
20% of caesarean records could not be located in more than half the sites [85]. The 
authors also argued that doctors may misclassify the indication in order to make the 
caesarean seem medically justified [85]. In Tanzania, Maaløe et al. found that over one 
third of caesareans for prolonged labour were inappropriate because either the 
partograph showed timely progression of labour or the membranes were still intact 
(indicating that induction of labour had not been attempted) [202]. Overall, one quarter 
of caesareans had an inappropriate indication and 38% had unclear indications [202]. 
Though less documented, information on obstetric complications may also be 
misrecorded. In Brong-Ahafo, data were collected prospectively, and the great majority 
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of caesareans are likely to have been captured. Only 2% of caesareans had no 
recorded indication.   
6.5. Conclusion 
The need for caesareans to treat uterine rupture, obstructed labour and 
transverse/oblique lies appears to be largely met among hospital deliveries in Brong-
Ahafo, regardless of the woman’s education. For most other complications, the 
likelihood of receiving a caesarean was not affected by education, but it was not 
possible to determine whether there was an unmet need for caesareans. More 
educated women experiencing fetal distress were more likely to receive a caesarean 
than less educated women, but similarly it was not possible to state whether this trend 
represents an unmet need among less educated women or an excess among more 
educated women. These findings suggest that population-based differences in the 
caesarean rate are predominantly explained by differences in access to hospital 
deliveries, rather than by differential access to caesareans within hospitals.  
Indications data were not useful for assessing the unmet need for caesareans, 
including when stratified by socio-economic status. The Robson classification was 
informative for one group (transverse and oblique lies), but could not inform our 
understanding of the unmet need in other groups with unknown minimum caesarean 
rates.  
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Chapter 7. Discussion 
 
The overall aim of this thesis was to explore existing and novel approaches to 
measuring the unmet need for caesarean sections in sub-Saharan Africa and South 
Asia. This chapter consists of two broad sections: I first synthesise the findings of this 
thesis, and second, I outline the implications for measuring the unmet need for 
caesareans in sub-Saharan Africa and South Asia, as well as making 
recommendations for future research.  
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7.1.  Summary of findings 
Caesareans are an essential, and sometimes life-saving, component of emergency 
obstetric care [7]. The rise in caesarean rates worldwide has raised concerns over the 
excessive use of this procedure [11-14, 125]; however many women in sub-Saharan 
Africa and South Asia, particularly poor rural women, still face obstacles in accessing 
emergency obstetric care – including caesareans – when they need it [107, 108, 116, 
154, 208].  
Measuring the unmet need for caesareans is important to monitor progress in access 
to emergency obstetric care. The main difficulty of measuring this unmet need lies in 
defining who needs a caesarean. For most interventions in maternal and child health 
(such as facility delivery or vaccinations), the great majority of women and children are 
expected to benefit from the intervention. However, because of the risks associated 
with caesareans [8, 62, 63], as well as the additional cost of surgical compared to 
vaginal deliveries [1], caesareans should not be performed routinely. Researchers have 
attempted to define the need for caesareans at the population level and within 
subgroups of deliveries, but there remains no consensus on how to measure the unmet 
need for caesareans.  
This thesis aimed to address this knowledge gap by examining how best to measure 
the unmet need for caesarean sections in sub-Saharan Africa and South Asia. The 
following research questions were addressed: 
1. Is there a minimum caesarean rate at the population level, below which 
women and babies are known to die? 
2. Does the concept of absolute maternal indications help identify a threshold 
of met need for caesarean sections? 
3. Is an analysis of the caesarean rate in subgroups of women useful for 
assessing the unmet need for caesareans? 
7.1.1. Is there a minimum caesarean rate at the population level, below 
which women and babies are known to die? 
Ecological studies have not identified a valid threshold for the minimum optimal 
caesarean rate necessary to achieve low maternal and perinatal mortality. The 
reported threshold beyond which maternal mortality ceases to decline varied between 
10% and 15-20% for low-income or developing countries, and was 15-20% for early 
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neonatal mortality and 13% for stillbirths. The ecological evidence indicates the 
minimum optimal caesarean rate is likely to be above the WHO 5% lower threshold, 
suggesting rates below 5% may indicate an unmet need, though low maternal mortality 
has been observed historically in high-income countries with caesarean rates below 
this benchmark. Similarly, there was no consensus on the optimal caesarean rate 
among clinicians: though three quarters of Optimal Caesarean Rates Survey 
respondents reported the optimal rate to be above the 15% upper limit suggested by 
the WHO, the substantial variation in responses highlighted a lack of agreement 
between obstetric care providers. The sample was not representative of doctors who 
perform caesareans worldwide, which may have biased the median optimal rate, 
however the variation in responses would have been unlikely to be completely 
eliminated with a representative sample. There is no other data source which can be 
used to validate the optimal caesarean rate at the population level, and therefore 
efforts to estimate it are unhelpful. Even if there had been agreement between 
ecological evidence and obstetricians’ opinions, conceptual issues remain: as 
mentioned in section 1.3.1, the relationship between the population-based caesarean 
rate and maternal or perinatal mortality may be confounded by other factors, such as 
access to delivery care, and it may also be modified by the quality of care. These 
issues raise the question of whether there is such a thing as an optimal caesarean rate 
across populations, and whether this concept is valid for monitoring access to 
emergency obstetric care. These limitations indicate that the optimal caesarean rate is 
not useful as a benchmark for calculating the unmet need for caesareans.  
There is evidence to support an absolute minimum caesarean rate indicative of high 
maternal and perinatal mortality. The 1% and 2% thresholds used in the literature have 
not been validated, but the review of ecological evidence presented in chapter 1 found 
that rates below these thresholds (particularly below 1%) were almost always 
associated with high maternal and neonatal mortality. Furthermore, the estimated 
prevalence of absolute maternal indications (AMIs) among women with no education 
was between 0.64 and 1.41%, suggesting that the true prevalence of AMIs may be 
close to 1% (assuming this estimate is unbiased). These findings suggest that 
caesarean rates below 1% almost certainly indicate that women are dying because of 
lack of access to surgical delivery; the evidence to support the 2% threshold as an 
indicator of high maternal mortality is weaker. It is therefore known that maternal and 
perinatal mortality is higher at very low caesarean rates, however above these 
thresholds it is difficult to make inferences about the unmet need – it is likely that the 
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magnitude of life-saving need is lower with higher caesarean rates, but the burden of 
unmet need cannot be quantified and it is unknown at what level of caesarean rates 
maternal and perinatal outcomes begin to improve. 
The analysis of Demographic and Health Survey data in chapter 2 showed that a large 
proportion of women have caesarean rates below 1% and 2% in low-income settings, 
suggesting there is a critical unmet need for caesareans in these populations. In most 
countries in sub-Saharan Africa and South Asia, caesarean rates were extremely low 
among the poor and less educated. In 21 of 26 countries, the caesarean rate was 
below 2% in the poorest quintile and eight countries showed evidence of large-scale 
unmet need at the population level, with 80% or more of the population below 1%. 
These findings suggest that poor women in these countries are dying due to lack of 
access to caesareans. 
7.1.2. Does the concept of absolute maternal indications help identify a 
threshold of met need for caesarean sections? 
The UON indicator was found not to be valid in central Ghana: pregnancy-related 
mortality from AMIs did not make up the shortfall between the observed and expected 
percentage of surgeries for AMIs. I argued that this finding is probably caused by 
misclassification of the severity of complications, particularly major cephalopelvic 
disproportion, leading to an overestimation of the number of surgeries for AMIs among 
more educated women. Similarly, a validation study in Bangladesh found that mortality 
from AMIs did not compensate for the socio-economic gradient in the percentage of 
surgeries for AMIs, and attributed these findings to an excess of surgeries for major 
cephalopelvic disproportion among wealthy and more educated women [50]. These 
findings suggest that groups with less than 1.4% surgery for AMIs cannot be 
interpreted as having excess mortality due to lack of access to surgery. The UON 
indicator has been used to calculate the absolute number of maternal deaths attributed 
to a deficit in surgeries for AMIs [41, 46]; the validation studies indicate this 
interpretation is not valid.  
7.1.3. Is an analysis of caesarean rates in subgroups of women useful for 
assessing the unmet need for caesareans? 
The caesarean rate among subgroups of deliveries is only useful for quantifying the 
unmet need for caesareans among groups with known optimal caesarean rates. In 
practice, this is restricted to conditions with an absolute need for caesareans – that is, 
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where caesareans are required in all cases to avert severe morbidity or mortality in the 
mother or baby. Obstetricians agreed that AMIs constitute an absolute need for 
surgical delivery, reporting optimal caesarean rates of 91-100% with very little variation 
in responses (except for antepartum haemorrhage from placental abruption and 
face/brow presentation). In Ghana, the great majority of AMIs received surgery in 
hospitals, indicating that clinical practice is aligned with obstetric care providers’ 
opinions in this setting. However, of the few women classified as having an AMI who 
did not receive surgery most survived, either because they are not “absolute” (i.e. they 
do not necessarily result in death without surgery) or because less severe 
complications were misclassified as AMIs. Even if they do not always lead to death 
without surgery, obstetricians’ opinions and practices suggest that AMIs would lead to 
extremely severe morbidity without surgery, and that AMIs nonetheless constitute a 
critical need for caesareans. Therefore, caesarean rates below 100% among deliveries 
with AMIs are an indicator of unmet need for caesareans. 
The unmet need for caesareans cannot be quantified in other subgroups of deliveries, 
among which the optimal caesarean rate is unknown. However, analysing caesarean 
rates across different obstetric complications or Robson categories may still be useful 
for understanding patterns of access to care. First, it can be used to investigate 
whether the caesarean rate in hospitals varies according to the hypothesised level of 
need for caesareans. In Ghana, the caesarean rate among deliveries with non-absolute 
complications was consistent with the predicted need for caesareans, with the 
exception of breech deliveries which had a higher caesarean rate than some AMI 
categories. The caesarean rate among Robson categories was lowest in the lowest risk 
group (multiparas with term singleton cephalic delivery and no previous caesarean); 
and it was above 95% among nulliparas with singleton breech delivery and 
transverse/oblique lies.  
More importantly, comparing hospital caesarean rates by socio-economic status is 
useful for understanding whether low population-based caesarean rates among the 
poor or less educated are partly driven by lower access to caesareans within hospitals. 
In hospitals in the Brong-Ahafo region of Ghana, women were equally likely to receive 
a caesarean for most complications regardless of their educational level, with the 
exception of fetal complications, for which more educated women were more likely to 
receive a caesarean. The limited variation in caesarean rates by education among 
hospital deliveries highlights that the lower population-based caesarean rates among 
women with no education primarily reflect poorer access to facilities equipped to 
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perform caesareans, rather than poorer access to caesareans within these facilities. 
This finding is reassuring, and raises the question of whether the observed apparent 
equity in caesareans within district hospitals may have improved with the introduction 
of the fee exemption and NHIS policies in Ghana. A systematic review found evidence 
that the facility delivery rate and the percentage of complicated deliveries receiving 
treatment increased in Ghana following the removal of maternity care fees [209], 
though socio-economic inequalities in the facility delivery rate were not consistently 
reduced across districts in Ghana [210]. 
7.1.4. Limitations 
Specific limitations to each of the analyses have been noted in the relevant chapters 
(sections 2.1.5, 3.4.3, 4.4.3, 5.4.3, and 6.4.3). Overall, the main limitation faced in this 
thesis lies in the fact that the concept of unmet need for caesareans is difficult to 
operationalise in practice. Conceptually, as outlined by the definition of unmet need 
used in this thesis (see section 1.2), it refers to women who need a caesarean but do 
not receive one. In practice, the work presented in this thesis has shown that identifying 
women who need a caesarean at the individual level requires clinical judgment and 
cannot be based on simple algorithms, while at the population level, the optimal 
caesarean rate is not a valid benchmark for calculating the unmet need. Without a valid 
definition of the need for caesareans, it is not possible to estimate the magnitude of 
unmet need. 
7.2. Implications and recommendations for future research: how should we 
measure the unmet need for caesarean sections in sub-Saharan Africa 
and South Asia? 
In the following section, I make recommendations for how to measure the unmet need 
for caesareans as well as suggestions for future research, on the basis of the findings 
presented in this thesis. In light of the fact that the main method to measuring the 
unmet need for caesareans – based on the optimal caesarean rate – was found not to 
be valid, what approaches can be used instead?  
7.2.1. Caesarean rates below 1% and 2% 
Based on the evidence from ecological studies and the estimate of the true prevalence 
of AMIs, caesarean rates below 1% and 2% are likely to indicate a critical unmet need 
for caesareans at the population level (though there is less evidence to support the 2% 
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threshold). I recommend that caesarean rates be monitored, at the national level and 
stratified according to maternal education and wealth quintile, as part of global efforts 
to examine equity in access to caesareans and identify groups of women with a critical 
unmet need. Caesareans are well documented in comparison to other emergency 
obstetric care signal functions, with representative data available for 90% of births in 
developing countries [211], making caesarean rates a useful indicator of emergency 
obstetric care coverage. The percentage of the population with rates below 1% (based 
on cumulative caesarean rates across wealth quintiles) is a useful summary indicator to 
capture coverage of this critical intervention, and it should be included in global efforts 
to monitor maternal and perinatal health such as the Countdown to 2015 Initiative [110] 
and Sustainable Development Goals 3.1 and 3.2 [212].  
Few countries included in the ecological studies had caesarean rates below 1% or 2%, 
or even below 5%. It would be useful to conduct other ecological analyses at the sub-
national level, where the corresponding maternal mortality data are also available, in 
order to validate these absolute minimum thresholds. More detailed historical data from 
high-income countries might further confirm that maternal and neonatal mortality is 
always high below these thresholds, though there are unlikely to be reliable historical 
measures of stillbirths or perinatal mortality. The 1% and 2% thresholds are likely to 
become less useful over time considering the rise in caesarean rates worldwide. In 
central Ghana, no socio-demographic or residential subgroup had caesarean rates 
below 2%, yet a non-negligible proportion of pregnancy-related deaths were caused by 
complications which might have been treated by caesareans (including uterine rupture, 
obstructed labour and antepartum haemorrhage). A key limitation of the 1% and 2% 
thresholds is that caesarean rates above these benchmarks do not necessarily imply 
that the critical unmet need for caesareans has been eliminated.  
It is also important for countries to analyse the regional and urban-rural distribution of 
caesarean rates, in order to identify groups with poor access and target interventions 
for improving access to obstetric surgery. Monitoring equity trends over time can also 
help identify countries with rapid improvements in access to caesareans among the 
poor, such as Rwanda, where the proportion of the population with a caesarean rate 
below 2% declined from 80% to 0% between 2000 and 2010 (chapter 2). Lessons can 
be drawn from case-studies of these countries to inform strategies for improving 
access among underserved populations, as well as yield insights into preventing 
unnecessary interventions rising with improved access to care. 
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7.2.2. Analysis of caesarean rates among subgroups of hospital 
deliveries 
Caesarean rates among complicated deliveries in facilities should be stratified by 
maternal socio-economic status, in order to identify any differential access to 
caesareans within health facilities. I recommend that facilities routinely collect socio-
economic information on women who deliver: education is probably the easiest marker 
of socio-economic status for this purpose, since it requires a single question, there is 
little misclassification and it is more informative than occupation in contexts where 
many women do not work outside the home or work in the informal sector. While 
wealth quintiles based on household assets are useful for stratifying caesarean rates at 
the national level, the data collection required to calculate the wealth index is onerous 
and less appropriate for clinical settings.  
Caesarean rates among deliveries with different complications should be regularly 
reviewed at the facility level to monitor clinical practice. Rates below 100% among 
AMIs are indicative of an unmet need for caesareans. It is not possible to quantify the 
unmet need for other conditions, but comparing the caesarean rate among different 
complications can help assess whether the rates vary according to the predicted level 
of need for caesareans. Similarly, facilities should monitor caesarean rates over time 
among the Robson categories in order to assess whether clinical management is 
consistent with the hypothesised need for caesareans. Robson analyses at a single 
point in time can yield only limited insights, considering differences in case mix across 
facilities.  
The variation in caesarean rates among deliveries with complications and 
corresponding case-fatality rates is unknown across facilities. The WHO Global Survey 
on Maternal and Perinatal Health found that rising institutional caesarean rates were 
associated with increased maternal and perinatal mortality rates in Latin America [125], 
however it is unclear whether the models controlled for all confounding due to 
differences in case-mix. The minimum optimal caesarean rate for specific 
complications may vary according to quality of care provided in facilities, and there 
would be difficulties in standardising case definitions across facilities. It is therefore 
unlikely that the optimal rate for specific complications could be ascertained confidently 
with ecological studies at the facility level. However ecological studies may help identify 
absolute minimum caesarean rates for specific complications (such as breech delivery) 
which could then be used as benchmarks of critical unmet need for caesareans within 
facilities.  
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7.2.3. The Unmet Obstetric Need indicator 
The UON indicator is unlikely to be useful for measuring the unmet need for obstetric 
surgery. Both its 1.4% threshold and interpretation were shown not to be valid in 
central Ghana, probably because of misclassification of the severity of complications in 
hospital records (particularly major cephalopelvic disproportion). Though the extent to 
which they are misclassified in other settings is unknown, data in other settings are 
probably less standardised and less valid than in Brong-Ahafo during the ObaapaVitA 
trial. In addition, no clear case definition of major cephalopelvic disproportion exists [48, 
199], or for other AMIs such as incoercible postpartum haemorrhage. Thus, the UON 
indicator is unlikely to be valid elsewhere in sub-Saharan Africa and South Asia, and I 
recommend that validation studies should not be repeated in other settings. Building up 
a picture of the unmet need for caesareans 
The work presented in this thesis indicates that there is no single indicator that can 
capture the magnitude of unmet need, and it is a limitation of this research that there is 
no clear-cut alternative indicator that can be recommended based on these findings. As 
stated previously, I recommend that countries examine which sub-populations have 
rates below 1% and 2%, and that facilities review their caesarean rates, but it appears 
that we will need multiple types of information in order to gauge the presence and 
extent of unmet need for caesareans within sub-Saharan Africa and South Asia. 
Complementary information would include quantitative indicators – such as the 
proportion of deliveries occurring in facilities equipped to provide emergency obstetric 
care, the duration of delays before emergency caesareans, use of partographs and 
other interventions to monitor labour and identify women in need of a caesarean – as 
well as qualitative information from audits of adverse maternal and perinatal events (in 
facilities and in the community). The magnitude of unmet need cannot be 
unambiguously deduced from a single piece of information, though together they can 
help build an understanding of access to emergency obstetric care for women in sub-
Saharan Africa and South Asia. 
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7.3. Conclusion 
In conclusion, the work presented in this thesis has contributed to knowledge of how to 
measure the unmet need for caesareans in sub-Saharan Africa and South Asia. I have 
shown that the minimum optimal caesarean rate and the UON indicator cannot be used 
to estimate the unmet need, but that caesarean rates below 1% probably indicate a 
critical unmet need for caesareans. Among subgroups, rates of surgery below 100% 
among absolute maternal indications reveal an unmet need for caesareans, but the 
unmet need cannot be quantified among less severe complications.  
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